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THE RIVERS AND VALLEYS OF PENNSYLVANIA" 
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"In Faltensyatemen von sehr hohem Alter wurde die urspringliche 
Anordoung der Langenthiler dorch das Veberhandnehmien der trana- 
verailen Erostonefurchen oft gang und gar véerwischt." 

Low. Petermann’s Mittheilungen, xxvili, 1983, 411, 
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}. Plan of work Acre proposed.—No one now regards o river 
and its valley as ready-made features of the-enrth’s surface. All 
are convineed that rivers have come to be what they are by slow 
processes of natural development, in which every peculiarity of 
river-course and valjley-form has ite appropriate cause, Being 
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fully persuaded of the gradual and systematic evolution of topo- 
graphic formes, it is now desired, it studying the rivers and 
valleys of Pennsylvania, to seek the causes of the location of the 
streains in their present coursed ; to po tenth LF poasible to the 
erly date when central Penusylyania was first raised sbove the 
een and trace the development of the several river systems then 
Implanted upen it from their ancient beginning tw the present 
Ce. 

The existing topography and drainage system of the State will 
firat be briefly desoribed, We must next inquire into the geo 
logical strooture of the region, follow at least in » general way 
the deformations and changes of attitude and altitude that it has 
suffered, and consider the amount of denudation that haa heen 
aceomplishedon ite surface. Wei must at the same time bear in 
mind the natural history of rivers, their morphology and devel- 
opment; we must recognise the varying activities of a river in 
itd youth aml old age, the adjustments of ita adolescence and 
maturity, und the revival of ite decrepit powers when the land 
that it draimes is elevated and it enters a new oycle of life. 
Finally we shall attempt to follow out the development of the 
rivers of Pennsylvania by applying the general principles of 
river history to the special case of Pennsylvania structure, 

2 General description af the topography of Pennayleanta.— 
The strongly marked topographic districts of Peunsylyania-can 
hardly be better desoribed than by quoting the account given 
over aA century ago by Lewis Evans, of Philadelphia, in his 
* Analysie of o map of the middle British colonies in America” 
(1785), which 19 os valuable from iis apprecintive perception a4 it 
if interesting from its eariy date. The following paragraphs are 
selected] from his early pages : 


“The laid soathweatward of Hudson's River is more regulariy 
divided and into a greater number of stages than the other. 
The first abject worthy of regard in this part ie a rief or vein of 
rocks of the talky or isinglassy kind, syime two or three or half a 
dozen miles broad; rising’ generally some smail matter higher 
than the adjoining land; and extending from New York city 
southweaterly by the lower falls of Dilaware, Schuylkill, Suaqne- 
hanna, Gon-Powder, Patapscu, Potomack, Rapalannoek, J anion 
river and Ronoak. This was the antiwent maritime boundary of 
America and forms a very regular carve. The land between this 
ref and the sea and from the Navesink hills southwest... .. 
may be denominated the Lower Plains, and consists of soil washt 
down from sbove and sand accumulated from the ocean, Where 


[sa Niitional Geographic Magazine. 


these plains ore not penetrated by rivers, they are a white sea- 
sand, about twenty feet deep and perfectly barren, a4 1G mixture 
of soll help to enrich then, Hut the borders of the rivers, 
which descend from the uplands, are rendered fertie by the soii 
washt down with the fleads ond mixt with the sands gathered 
from the sea, The sobstratam of sca-emod, shells and other 
foreign subjects is a perfect confirmation of this supposition. 
And henev it is that for 40 or 40 miles inland and all the way 
from the Navesinks to Cape Florida, all is a perfeet barren where 
the wash from the oplinds has net enriched the borders of the 
Tivere} or some ponds and defiles haye mot furnished proper 
support fur the crowth of white cedure... . 

* From this ricf of rocks, over which all the rivers fall, to that 
chain of broken Lille, ealled the South mountain, there i the 
distance of 50, 4) or 70 miles of very Uneven ground, rising 
ecndihily ad you advance further inland, and may be denonminatert 
the Upland. This consists of veins of different kinds of soil and 
substrata some scores of miles in length; and in some places 
overlaid with littl: ridges and chains of hills, "The dectivity of 
the whole gives great rapidity te the streams; and our violent 
guste of ruin have washt it all into gulhes, and cared down the 
aoil to enrich the borders of the rivers in the Lower Plains: 
These inequalities render half the country not easily capable of 
culture, and impoverishes it, where torn op by the plow, by daily 
washing away the richer mould that covers the surface. 

“The South mountain is not in ridges like the Endless moun: 
tains, but in small, broken, steep, stonew hilly; nor does in ron 
with ao much regularity, In some places it gradually degenerates 
to nothing, bol to appear again for some miles, and in others it 
spreads several miles in breadth, Between South mouttain and 
the hither chain of the Endless mountains (often for distinetion 
malled the North mountain, and in some places the Kittatinni and 
Peyuélin), there is a valley of pretty wven good land, some 8, 1 
or 20 miles wide, and is the most considerable quantity of 
valuable land that the English are posdest of ; and mana through 
New Jtrsey, Pensilvanin, Manland and Virginin, Tt has yet 
obtained no yreneral name, but may properly enough be called 
Piemont, from its situntion, Besides conveniences always attend- 
ing good land, this valley is overy where enriched with Limestone, 

“The Endless mdantains, 40 called from a translation of the 
Indian name bearing that signification, come mext in order, 
They are not confusedly scattered and indofty peaks overtopping 
one another, but stretch in long aniform ridges svarce half a mile 
perpendicular in any place above the intermediate vallies, Their 
name if expreasive of their extent, though no doubt not in a 
literal sense. . 2... The mountains are almost all so many 
ridges with even tops and nearly of a height. To look from 
these hills into the lower lands is bat, asf Were, Into an oocan of 
woods, swelled and deprest here and there by little inequalities, 
not to be distinguished one part from another any more than the 
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wore: of the real ocean, The uniformity of these moontama, 
though deharring us of an advantage in this respect, makes some 
amends in another. They are very regular In their courses, and 
comine the creeks and rivers that ron between; and if we know 
where the gaps are that let through these streams, we are not at 
a lose to lay down their moat considernble inflections, . .. . , 
“To the northwestward of the Endless mountains is a country 
of vast extent, and ing manner as high as the mountains them- 
wlves To look ot the abrupt termination of it, near the sea 
level, of is the case on the west side of Hudson's river below 
Albany, it looks a# 4 vast ligh mountain; for the Rants Kills, 
though of more lofty stature than any other mountains in these 
ts of America, are but the continuation of the Plaing on the 
top, aod the cliffs of them in the front they present towards 
Kinderhook. These Upper Plains are of extraordinary rich level 
land, and extend from the Mohocka river through the eotniry af 
the Confederates." Their termination northward is at a little 
distance from Lake Ontario s but what it 14 westward iv not 
known, for those most extensive plains of Ohio are part of them,” 


These several districts recognized by Evans may be summar- 
ined aa the coastal plain, of nearly horizontal Cretaceous and 
later thds, just entering the southeustern corner of Pennsylvania ; 
the marginal upland of contorted sehiste of disputed age; the 
Satith Mountain belt of ancient and much disturbed crystalline 
racks, commonly called Archean; o space between these two 
traversed by the dandstone lowland of the Newark formation ;} 
the gromt Appalachian valley of crowded Cambrian limestones 
and slates; the region of the even-orested, [inear Paleozoic 
ndges, bounded by Kittatinny or Blue mountain on the south- 
cast and hy Alleghany momotain om tha northwest, thin bea mgr the 
atea with which wr are hete most concerned ; and finally the 
Alleghuny platenu, consisting of nearly berizontal Devonian and 
Carboniferous beds and embracing all the western part of the 
state. The whole region presente the most emphatie expression 
notonly of tts structure but alse of the more recent cycles of 
development through which it has passed. Pig. 1 represents the 
atronger ridges and laryer stroims of the greater part of the cen 
teal district: it is reproduced from the expressive Topographic 
Map of Pennsylvania (187!) by Lesley: ‘The Saequehanna flows 
down the middle, receiving the Weet Branch from Lock Haven 

* Referring to the league of Indian tribes, so-called, 

} Ruawell bins lutely recommended the revival of this-term, propedal 
many year ago by Reddeld, as a non-committal name fur the “New 
ted sandstones” of our Atiantic slope, commonly called Trinaic. 
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and Williamsport, the East Hranch from Wilkes-Barre in the 
Wyonnng basin, and the Juniata from the Broad Top region, 
south of Huntingdon, The Anthracite basina lie om the right, 
enclosed by sigeag ridges of Pooono and Potteville sandstone ; 
the Plateau, trenched by the West Branch of the Susquehanna is 
in the nurthwest, Medina sandstone forma most of the central 
rid gres, 

a. The drainage of Pennsyleania.—The greater part of the: 
Alleghany platean is drained westward into the Ohio, and with 
this we shall have littl todo, The remainder of the plateau 
drainage reaches the Atlantic by two rivers, the. Delaware and 
the Susquehanna, of which the latter is the more special object 
of our study. The North and West Branches of the Susque- 
hanna rise in the platewo, which they traverse in deep valleye; 
thence they enter the district of the central ranges, where ther 
unite and flow in broad Jowlands among-the even-erested ridges, 
The Juniata brings the drainage of the Broad Top region to the 
tnain stream just before their confluent ourrent ents across the 
marginal Blae Mountait, ‘The rock-rimmed basins of the anthra- 
cite region are drained by small branches of the Susquehanna 
northward and westward, and by the Sehuytkill and Lehigh to 
the south and east. The Delaware, which traverses the plateau 
between the Anthracite region and the Catskill Mountain front, 
together with the Lehigh, the Schuylkill, the litthe Swatara and 
the Susquehanna, out the Bhie Mountain by fine water-gipa, and 
eross the great limestone valley. The Lehigh then tarns enat- 
ward and joing the Delaware, and the Swatara turns westward to 
the Susquehanna ; bat the Delaware, Sohuylkill and Sasquehanna 
all continue across South Mountain and the Newark belt, and 
inte the low plateau of schists beyond, The Schoylkill unites 
with the Delaware near Philadelphia, just below the iuner margin 
of the coastal plain; the Delaware and the Susquehanna con- 
tinue in their deflected estuaries to the ses, All of thea rivers 
and many of their side streams ore at prevent sunk in amall 
valloys of moderate depth ond width, below the general surface 
af the lowhinds, and are more or lea complicated with terrace 
gravels, 

4. Previous studies of Appalachian drainuge—There have 
been no special studies of the history of the rivers of Penneyi- 
Vania in the light of what is now known of river development. 
A few recent (saa ys of rather general character ws far as our 
rivers are concerted, may be mentioned, 
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Peschel examined our rivers chiefly by means of general maps 
with littl: regard to the structure and complicated history of the 
region. Te concluded that the several transverse rivera which 
break through the mountains, namely, the Delaware, Susquehanna 
and Potomac, are guided by fractures, anterior to the origin of 
the rivers.” ‘There does not seem to be sufficient evidence to 
support thie obsoleseent view, for most of the water-gaps ore 
located independently of fractures ; ner can Peschel’s method of 
river atudy be tristed as leading to safe conclusions. 

Tietze regards our transverse valleys as antecedent ;} but this 
was made ouly as o general suggestion, for his examination of 
the structure and development of the region is too bnef to estab- 
lish thisand exclude other views.+ 

Lowl questions the conclusion reached by Tietze and aseribes 
the transverse gaps to the backward or headwater erosion of ex- 
ternal streams, a process which he has done much to bring into 
its present important position, and whieh for him replaces the 
persistence of antecedent streams of other authors] 

A brief artivleS that I wrote in comment on LOw?s first esaay 
several years ago now seems to me insufficient in ite method. It 
exagverated the importance of antecedent strenme; i took ne 
sufficient account of the several cycles of erosion through which 
the region has certainly passed ; and it neglected due consitera- 
tion of the readjustment of initial immature stream courses dur- 
ing more advanced river-life, Since then, a few worda in Low's 
essay have come to have more and more significance to me; he 
says that in mountain systems of very great age, the original 
arrangement of the longitudinal valleys. often becomes entirely 
confused by menne of their conquest by transverse erosion gaps. 
This suggestion has been so profitable to me that I have placed 
the original sentence at the beginning of this paper. Its thesis 
is the essential element of my present study. 

Phillipson refers to the above-mentioned authors and gives a 
brief account of the arrangement of drainage areas within our 
Appalachians, but brietly dismisses the subject.) His essay con- 
tains a servicenble bibliography. 

If these several earlier esanye have not reached any precise 

*Physische Erdkunde, 185), ii, 442. . 

+Jahrbuch Geol. Heichsansialt, sxvili, 1N75, Gi, 

{ Pet. Mitth., 1880, 406; Ueber Thalbildung, Prag, 1984. 

Origin of Croas-valleys, Scienoe, i, 1855, 825, 

[Studien ther Wasserscheiden, Leipsig, 1886, 149, 
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conclusion, it may perhaps be becnuse the details of the geologi- 
eal structure and development of Pennsylvania haye not been 
sufficiently examined. Indeed, unlesd the reader hes already be- 
come familiar with the geological maps and reports of the Penn- 
«vivanin surveys and is somewhat acquainted wrth ite reagraphy, 
I shall hardly hope to make my case clear to him, The volumes 
that should be most carefully atudied are, first, the always inepir- 
ing ¢lassic, “Coal and its Topography” (1856), by Lesley, in 
which the immediate relation of our topography to the under- 
lying structure is su finely described ; the Geological Map of 
Pennaylvania (1658), the result of the labors of the first curvey 
of the atute: and the Geological Atlas of Conntiea, Volume X of 
the second survey (1885), Bosides these, the ponderous volumes 
of the final report of the first survey and numerdus reports on 
semirate counties by the second survey should be examined, as 
ther contain many accounts of the topography although saying 
very litth about ita development, Hf, tm addition to all this, the 
reader has seen the central district of the state and marvelled at 
ite even-crested, straight and mgrag mdges, and walked through 
ite narrow water-gape into the enclosed coves that they drain, he 
may then still beter follow the considerations here presented, 


Fant Secon, Gatliae of the geological Aistory of fhe region, 

3. Conditions of formation.—The region ln which the Suaque- 
hanna and the neqghboring rivers ere now located is built in chief 
part of marine sediments derived in paleotoic time from a large 
land ares to the southeast, whore northwest oosst-line probably 
crossed Pennsylvania somewhere in the southeastern part of the 
#tate; doubtless varying ita position, however, by many miles 
a6 the sea advanced and receded in accordance with the changes 
inthe relative altitudes of the land and water surfaces, guch ox 
have boen discussed hy Newberry and Claypole, The sedimerits 
thus accomulated ure of enormous thickness, measuring twenty 
or thirty thousand feet from ther crystalline foundation to the 
uppermost layer now remaining. The whole mass ia essentially 
conformabie in the central part of the state. Some of the forma- 
tions are resistent, and these have determined the position of our 
ridges; others ure weaker and are chosen as the aites of valleys 
and lowlands. The first are the Oneida and Medina sandstones, 
which will be here generally referred to under the latter name 
alone, the Pooone sandstone and the Pottsville conglomerate; to 
these may be added the fundamental erystalline mass on which 
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the whole series of bedded formations was deposited, and the 
hasal sandstone that is generally saaociated with it, Wherever 
we now see these harder rocks, they rise above the snrrounding 
lowland surface. (On the other hand, the weaker beds sre the 
Cambrian limestones (Trenton) and slates (Hudson Hiver), all 
the Silurian except the Medina above named, the whole of the 
Devonian—in which however there are two hard beds of subordi- 
nate value, the Oriskany sandstone and a Chemung sandstone and 
conglomerate, that form low and broken ridges over the softer 
ground on either side of them—and the Carboniferous (Mauch 
Chunk) red shales and some of the weaker sandstones (Coal 
TOCA Ue ) 

6. Former eetension of atruta to the sowutheast,—We are not 
much eoncered with the conditions under which this great series 
of beds was formed ; but, 0 will appear later, it is important for 
us to recognize that the present southeastern margin of the beds 
ig not by any means thetr original margin in that direction. It 
is probable that the whole mass of deqwaits, with greater or less 
variations of thickness, extended at least twenty mules southeast 
of Blue Mountain, and that many of the beds extended much 
farther, The reason for this conclusion is a simple one, The 
several resistant beds above-mentioned consist) of quarts sand 
and pebbles that cannot be derived from the anderlying beds of 
limestones and shales; their only known source lay in the erys- 
talline rocks of the paleozotc land to the southeast. Bouth Moun- 
tiin may possibly have made part of this paleoxoic land ; but it 
avema more probablu that it was land only during the earlier 
Archean age, and that it was submerged and buried in Cambrian 
time and mot again brought to the light of day until it had been 
crushed into many local anticlines™ whose creste were uncovered 
by Permian and later erosion, The occurrence of Cambrian 
limestone on either side of South Mountain, taken with ite-com- 
pound anticlinal structure, makes it likely that Medina time found 
this crystalline area entirely covered by the Cambrian beds ; 
Medina sands must therefdte have come from farther etill to the 
sontheast. JA similar argument applies to the souree of the 
Poctno and Pottaville beds, The measure of twenty miles ox tlie 
former southenstern extension of the paleoxoie formations: there. 
fore acoms4 to be a moderate one for the average of the whole 
series ¢ perhaps forty would be nearer the truth, 


"Lesley, as below. 
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i. CaoméroSiurian and Permian deformations.—This wrest 
deriea of once horizontal beds ia now wonderfully distorted ; but 
the distortions follow a general role of trending northeast and 
subhwest, and of diminishing in intensity from southeast to 
northwest, In the Hudson Valley, it is well known that a con- 
siderable disturbance occurred between Cambrian and Silurian 
time, for there the Medina lies unconformably on the Hudson 
River shales: It seoms likely, for reasons that will be briefly 
given later on, that the same disturbance extanded into Pennsyl- 
vanin and farther southwest, but that it affected only the south- 
wistern corner of the State; and that the unconformitiea in 
evidence of it, which are preserved in the Hudson Valley, are 
here lost by subsequent erosion. Waste of the ancient land and 
ite Cambro-Siluriun annex still continued.and furnished vast beda 
of tandstone and sandy shales te the remaining murine area, 
until wt last the subsiding Paleozoic hasin was filled up and the 
oon! marshes extended broadly across it, At this time we may 
picture the drainage of the southeastern land area wandering 
rather slowly nero the great Carboniferous plains to the still 
tubmerged basin far to the west; a condition of things that is 
not inperfectly represented, although in a somewhat more 
advanced stage, by the existing drainage of the mountains of the 
Carolittas across the more modern constal plainto the Atlantic, 

This condition was interrupted by the great Permian deforma- 
tion that gaye rise to the main ranges of the Appalachians in 
Pennaylyania, Virginia and Tennessew, The Permian name seems 
appropriate here, for while the deformation may have begun at 
an varhier date, sud may have continued inte Triassie time, its 
colmination seems to have been within Permian limite, It was 
characterized by a resistless force of compression, exerted in a 
sontheast-northwest linc, in obedience to which the whole series 
of Paleozoic beds, even twenty or more thousand feet in thickness, 
was crowded gradually into great and small folds, trending north- 
ait aod southwest The subjacent Archean terrane doubtless 
shared more or less im the disturbance: for example, South 
Mountain ts deserihed by Lesley as “not one monntain, but a 
system of mountains separated by-valleva, It is, geologically 


It appears that the South Mountain range ends enstward [in 
Cumberland and York Counties] it a hand with five [antielinal] 
finvers.”* 

* Proc, Amer, Phil, Soc., xij, 1a7H, 6; 
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It may bo coneladed with fair probability that the folds began 
to rise in the southeast, where they are crowded closest together, 
acme of them having began here while coal marshes were still 
forming farther west; and that the last folds to be begun were 
the fainter ones on the plateau, now seen in Negro mountain and 
Chestont aud Laurel ridges. In consequence of the inequalities 
in the forey of compression or in the resistance of the yielding 
mass, the folds do not continue indefinitely with horitontal axes, 
but vary in height, rising or falling away in grent variety. 
Several adjacent folds often follow some general control in this 
respect, their axes rising and falling together, It isto an unequal 
yielding of this kind that we owe the loeation of the Anthracite 
synclinal basins in eastern Pennsylvania, the Coal Measures being 
now worn away from the prolongation of the eynelines, whieh 
rise im either direction. 

5. Jerm-7riasete denudation— During and for a long time 
after this period of mountain growth, the destructive processes 
of erosion wasted the land and lowered ita surface. An dnormous 
amount of material wae thud swept away and laid down in some 
inknown ocvan bed We shall speak of this as the Perm-Trisssic 
period of erosion, A measure of ite vast secomplishment 14 seen 
when we find that the Newark formation, which i yenerally cor- 
related with Triassic or Jurassic time, lies unconformably on the 
eroded sarface of Cambrian and Archean rocks in the southeastern 
part of the State, where we have concluded that the Paleoxoie 
serics onee existed: where the ¢trata mnst have rise in a great 
mountain oinse “ea result of the Appalachian deformations ; and 
whence they thust therefore have been denuded before the dipo- 
sition of the Newark boda. Not onlyso; the moderate antowty 
of the ¢outheastern or under boundary of the Newark formation 
iidicates clearly enough that the surface on which thet portion 
of the formation lies is-one of no great relief or mequality ; and 
such a surface can be earved out of an elevated land only after 
long continued denudation, by which topographic development 
is carried beyond the time of its greatest strength or maturity 
inte the fainter expression of old age, ‘hia is 4 matter of some 
importance in our study of the development of the rivers of 
Pennsylvania ; and it also constitutes a yood part of the evidence 
already referred to ss indicating that there must have been same 
earlier deformitions of iiportance in the southeastern part of 
the State; for it is hardly conceivable that the great Paleozoic 
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mass could have been ao deeply worn off of the Newark belt 
betwen the making of the lust of the ooul beds and the. firat of 
the Newark, It seems more in accordance with the facts here 
recounted and with the teachings of geological history in general 
to suppgde, as we have here, that eemethitg of the present 
deformation of the ancient rocks underlying the Newark beds 
wae given at an early date, such aw that of the Green Mountain 
growth; and that a véertain amount of the erosion of the folded 
beds was thus made posible in middle Paleozoic time; then 
hirai at sore later dite. as Permian, a second period of mountain 
growth arrived, and further folding was effected, snd after this 
came deeper erosion; thus dividing the destructive work that 
waa dene inty several parts, instead of crowding it all inte the 
post-Carhoniferous tome ordinarily amigned to it, It is indeed 
not impoxitle that an important share of what wo have called 
the Permian deformation was, ae above suggested, accomplished 
in the southeastern part of the State while the coal hada were yet 
forming in the west; many grains of sand in the sandstones of 
the Coal Mentsires may have bad several temporary halts in other 
‘andstone beds bétwee the time of their first erosion From the 
Archean rieke and the much later time when they found the 
resting place-that they now ecoupy.* 

f Newark deposition.—After the great Paleozoic and Perm- 
Triagsie erospomus thas mdicated, when the southeastern aren of 
ancient monntaine had heen well worn down and the Permian 
foliis of the central district had acquired a well developed 
drainage, there appeared on opportunity for laral deposition in 
the slow depression of a northenst-southweet belt, of the deeply 
wanted land, weross the southeastern part of the State; and into 
this trouph-like depression, the waste from the adiscent areas on 
either side was carried building the Newtrk formation. This 
may, be referred to as the Newark or ‘Trias-Jurassic period of 
deposition. The volume of this formation is: unknown, gs its 
thickness and orginal area pre still undetermined; but it is 
pretty surely of many thousand foot in vertical measure, and ita 
original area may have been easily a fifth or a quarter in excess 
of ite prodent ares, if not larger yet, So great a loval accummla- 
tion acema to indicate that while the belt of deposition was 

* There considerations tray have Vilue in showing that the time in 
whieh the lateral crushing of the Appalachians wae accomplivhed was 
not eo brief os is state by Reade ina recent article in the American 
Geologist, Ui, 1480, 16. 
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stuking, the adjacent arasa were rising, in order to fornish a con- 
tinual supply of material ; the occurrence of heavy conglomerates 
tlong the margins of the Newark formation confirma this suppo- 
sition, and the heavy breceiag near Reading indicate the oveur- 
renee of @ strong topography and a strong transporting agent to 
the northwest of this part of the Newark belt, It will be neces- 
airy, When the development of the ancestors of our present rivers 
i taken up, to consider the effects of the depression that 
determined the loons of Newark deposition and of the adjacent 
elevation that maintained a supply of material, 

lh Juraasie tilting —Newark deposition was stopped by a 
gradual reversal of the conditions that introduced it. The 
depression of the Newark belt waa after @ time reversed into 
elevation, accompanied by a peculiar tilting, and again the waste 
of the region was carried away to some unknown resting place. 
This disturbance, which may be regarded as o revival of the 
Permian activity, culminated in Jurassic, or at least in post- 
Newark time, and resulted in the production af the singular 
monoclinal attitude of the formation; and se far a¢ I can ecor- 
relate it-with the accompanying change in the underlying struc- 
tures, it invelved there an over pushing of the closed folds of the 
Archean and Paleogoie rocks. This is illustrated in figs. 2 and a, 





Fr, 2 Fig. 3 


in which the original and disturbed attitudes of the Newark and 
the underlying formations are roughly shown, the over-pushing 
of the fundamental folds causing the monoclinal and probably 
faulted structure in the overlying beds.* Lf this be trae, we 
might suspect that the ansymmetricnl attiude of the Appalachian 
folds, noted by Rogers as a churacteristic of the range, is a 
feature that was intensified if not originated in Jurassic and not 
in Permian time, 

* Amer. Journ. Science, xxxii, 1830, 2; and Beventh Ann. Hept. 
U. 8, Geol. Survey, ES88, 450, 
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It is not to be supposed that the Jurassic deformation was 
limited to the area of the Newark beds; it may have extended 
some way on ¢ither side; but it presumably fade out at no 
great distance, for it has not been detected in the history of the 
Atlantic and Mississippi regions remote from the Newark belt, 
ln the district of the central folde of Pennsylvania, with which 
we are particularly concerned, this deformation was probably 
expressed ina further folding and over-pushing of the already 
partly folded beds, with rapidly decreasing effect to the north: 
weet ; and perhaps also by alip-faulta, which at the surface of the 
ground nearly followed the bedding planes: but this te evidently 
hypothetical to a high degree, The essential point for our aub- 
suqyuent consideration i that the Juragsic deformation waa prob- 
ably accompanied by a moderate elevation, for it allowed the 
erosion of the Newark beds and of loterally adjacent areas as 
well. 

Ll, Jvra- Cretaceous denudation. —In conkequenie of this ele- 
vation, a pew cycle of erosion wha entered upon, which I shall 
call the Jura retaccouseyele, Lt allowed the accomplishment of 
a vast work, which ended in the production of a general lowlani 
of denudation, a wide atea of faint relief, wheae elevated rem- 
Hutte are now ta he seen in the even ridge-crests that so strongly 
chardeterize the ce ral district, as well we in certain other even 
uplands, now etohed by the erosion of a later evele of destructive 
work, I shall not here take space for the deliberate statement of 
the argument lending to this end, but its elements ore oa follows : 
the extraordinarily persistent sceordance mong the crest-line 
altitudes of many Medina and Carboniferous ridges in the central 
disthict ; the generally corresponding eluvation of the ‘western 
plateau surfaec, tiself a aurface of erosion, but now trenched by 
relatively deep and narrow valleys; the generally uniferm and 
consistent altitude of the uplands in the crystalline highlands of. 
nerthern New Jersey and in the South Mountains. of Pennsyl- 
Vania; and the extension of the sane general surface, descending 
slowly castward, over the even orest-linea of the Newark trap 
ridges, Besides the evidence of leas continetital elevation thus 
deduced from the topdgraply, it may be noted that 4 lower stand 
of the land in Cretaceous time thin now is indicated by the 
erosion that the Cretaceous bide have suffered in consequence of 
the elevation that followed their deposition, The Cretaceous 
transgression in the western states doubtless bears on the problem 
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alvo. Finally it may be fairly urged that it is more accordant 
with what is known about old mountains in general to suppose 
that their mass has stood at different attitudes with respect to 
base lovel during their long period of denudation than to suppose 
that they have held one attitude through al] the time simee their 
deformation, 

It i natural enough that the former montenance of some lower 
altitude than the present should have expression in the form of 
the country, if not now extingmehed by subsequent erosion, It 
is simply the reverse of this statement that leads us to the alpwe- 
stated conclusion, We may be anre that the long maintained 
period of relative quiet was of great importance in allowing time 
for the mature adjustment of the rivera of the region, and hence 
due scoount mist be laket of it ino later seetiun, [say relative 
quiet, for there were certainly subordinate oscillations of greater 
or less value: MoGee has detected records of one of these about 
thie beginning of Cretaceous time, but ite effects are not now 
known to be of geographic value ; that is, they do not new mani 
feat themevlyves in the form of the present surface of the land, 
bat only in the manner of deposition and ancient erosion of wer 
tain deposits.” Another subordinate omillation in the senae of a 
mederate depression seems to have ixivided through middle 
and later Cretaceous time, resolting: i an inland tranegression of 
the sea and the deposit of the Cretacnons formation tnaoonform- 
ably om the previous lnnil aurince fir th considerable distance he- 
yond the present margin of the formation.f This: is important 
ieoaffectng ourrivers, Although these oecilintious were of con- 
sideratde qoilogieal value, I do not think that for the present 
purposes they eall for any primary division of the Jura-Creta- 
ccoumceyele ; for as the resilt of this long period of denudaticti 
we find bot a single record in the great lowland of erosion above 
described, a reeurd of pritue inhoreanee in the geagraplic devel: 
apment of dur region, that will often be referred to. “The surface 
of faint relief then completed inay be called the Cretaceous base 
level lowland. It may be viwtured iso low, undtilating plain of 
wide extent, with o portion of itt Atlantic margin sabmerged 
ond coverod over with w pelatively thin marine deposit of sands, 
mails ahd clays, 

* Amer. Jour. Sciwnce, aaxy, ANS, BHT, 448 

‘This statement is taal on a study of the geographic evolution. of 

norbert New Jermer, in preparation fur po blicw tion. 
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lt. Tertiary elevation and deawdation.—This broad lowland 
a lowland no longer, It has been raised over the greater part 
of its area tite a highland, with an clovation of from one to three 
thonsand feet, sloping gently eastward and deirending under the 
Atlantic level near the present margin of the Cretaceous formna- 
tion, “The elevation seams to have taken place early in Tertiary 
time, and will be referred to as of thatdate. Opportunity wae 
then given for the revival of the previously exhausted forves of 
denudation, and aa a consequence we now see the formerly even 
surfaceof the plain yreathy roughened by the incision of deep 
valleys and the opening of broad lowlands on its softer rocks: 
(nly the harder recks retain indications of the even surface 
which once stretched continugualy across the whole ares. The 
best indication of the average altitude at which the mass stood 
through the greater part of poxt-Cretacewus time is to be found 
on the weak shales of the Newark formation in New Jersey and 
Pennsylvania, and on the weak Cambrian limestones of the wrest 
Kittatinny valley; for both of these areas live heen actually 
alnioat baselevelled again in the Tertiary cycle, They will be 
referred to aa the Tertiary baselevel lowlands; and the valleys 
corresponding to them, cut im the harder rocks, as well aa the 
rolling lowlands between the ridges of the central district of 
Pennaylvania will be regarded as of the same date, Whatever 
variations of level orcured in thik evele of development do not 
seem to have left marks of importance on the inland surfane, 
though they may have liad greater sionificance near the const, 

1S, Jeter changer af fete. —Again at the close of Tertiary 
tine, there was an elevation of moderate amount, and to this may 
be referred the trenches that are so distinetly cnt across the Ter- 
tity basehewel lowlawd li the larger rivers. a= well as the lateral 





ehallower channela of the smaller streams. This will be called 

the Quaternary cycle ; and for the present no further mention of 

the oxciliations known to have occurred in this division of time 

nved be considered ; the reader may find careful diseussion of 
ith 
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them in the paper by Metee, above 
referred to, [1,25 proper that E should 
add that the suggestion of boselevel: 
ling both of the creat-lines and of the 
lowlands, that I have found so. profit- 
able in this and other work, is due 
largely to personal conference with 
Messrs. Gilbert and MceGree of the Ge- 
ological Survey ; but it ix not desired 
to make them in any way responsible 
for the statements here given. 

14. Stustrations of Peanayloonian 
tapography.—A few sketches made 
during a recent reoess-trip with several 
students through Pennsylvania may 
be introduced inthis connection, The 
first, fiz, 4, is a view from Jenny 
Jomp mountain, on the northwestern 
side of the New Jersey highlands, 
looking northwest across the Kitta- 
tinny valley-lowland to Blue or Kit- 


=3 tatinny mountain, where it is cut at 


the Delaware Water-gap. 





The extra- 
ordinarily level crest of the mountain 


=) preserves record of the Cretaceous 


baselevel lowland ; since the elevation 
of this ancient lowland, ite softer rocks 
have, as it were, been etched out, 
leaving the hander ones in relief ; thus 


ge the present. valley-lowland is to be 


explained. In consequence of the still 


= later elevation of less amount, the 


Trelaware hax cut a tronch in the 
present lowland, which i# partly seen 


= { to the left in the sketch. Fig. 5 is a 
= goneral view of the Lehigh platens 





=e and cafon, looking south from Bald 


Mountain just above Penn Haven 


= Junction. Bine mountain is the most 


distant crest, seen for a little space. 


E The ridges near and above Mauch 


Chunk form the other outlines; all 
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rising to an astonishingly even altitude, in spite of their great 
diversity of stricture, Before the existing vallovs were exea- 


prsta age cent vt a yall Sar 
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vated, the upland surface must have been an even plain—the Cre 
taceour hagelevel lowland elevated inte a plateau. The valleys 
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out into the plateau during the Tertiary cycle are narrow here, 
because the rocks are mostly hand, ‘The steep slopes of the caiion- 
like valley of the Lehigh and the even crests of the ridges mani- 
featly belong to different eycles of development. Figs 6 and 7 

are gapa cut mm Black Log and Shade mountamn, by o amall 
upper branch stream of the Juniata in southeastern Huntingdon 
county. The stream traverses a breached anticlinal of Medina 
sandstone, of which these mountains are the lateral members, A 
long narrow valley is opened on the axial Trenton [tmestone 
between the two. The gaps are not opposite to each other, and 
therefore in looking through either gap. from the outer country 
the even crest of the further ridge is seen beyond the axial valley. 
The gap in Black Log mountain, fig. fi, is located on a small frac- 
ture, but in thia respect it is unlike most of its fellowsn* The 
striking similarity of the two views illustrates the uniformity that 
ao strongly characterizes the Medina ridges of the central district, 
Fig. Sis in wood purt an ideal view, based on shetohes on the 
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upper Suayuehanna, ond designed to present a typieal illustration 
of the more significant features of the region. It shows the even 
erest-lints of a high Medinior Poeond ridge in the background, 
fetuining the form given ‘to it in the Cretaceous cyclo; the even 
lowlands in the foreground, opened on the weaker iluro-Devo- 
nian rocks in the Tertiary cycle: and the uneven ridges in the mid- 
dle distance marking the Ori¢kany and Chemung beds of inter: 
mediate hardness that have lost the Crotacesua level and yet have 
not been reduced to the Tertiary lowland The Susquehanna 
flows distinetly below the lowland plain, and the amall atde 
‘streams run in narrow trenches of Inte Tertiary and Quaternary 
date, 

If this interpretation ia ncoepted, and the Permian mountains 
are seen to have been once greatly reduced and ot @ later time 
» out, while the ridges of to-day sre merely the relief left by 


* Second Geol. Surv, Pa., Report T;, 18. 
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the etching of Tertiary vallevs in a Cretaceons baselevelled low- 
land, then we mae well conclude with Powell that “mountains 
cannot remain long as mountains ; they are ephemeral topographic 
forme,”* 


Part THiap. General conception of the history of a river, 

Is. The complete cycle of river fife: wouth, adoleacance, wiuthi- 
rity and olf age,—The general outhine of an ideal river's history 
may be cow considered, preparatory to examining the spoctal 
history of the rivers of Pennaylyania, as controlled by the geo- 
lorical events just narrated, 

Rivers are eo Jong lived and survive with more or lesa modifi- 
cation so many changes in the attitude and even tn the structure 
of the Innd, that the best way of entering on their discussion 
seemne to he to examine the development of an ideal river of sim- 
ple history, and from the general feqtures thus discovered, it may 
then be possible to unravel the complex seqnence of events that 
leds to the present condition of actual rivers of complicated his- 
tory. 

Acriver that is established on a new land may be called an ori- 
ginal river. [It must at first be of the kind known as a consequent 
river, for it has no ancestor from which to he derived. Exam- 
ples of simple original rivers may be seen in young plains, of 
which southern New Jersey furnishes a fair illustration, Exam- 
ples of essentially original tivers may be seen alan in regions of 
recentand rapid displacement, such as the Jura or the broken 
country of southern Idaho, where the directly consequent charac- 
ter of the drainage leadé us to conclude that, if any rivers ocvu- 
pied these regions before their recent deformation, they were so 
completely extingnished by the newly aiade slopes that we see 
nathing of them now, 

Once established, an original river advances through ite long 
life, manifesting certain pec] hiaritios at youth, maturity and old 
age, by which ite sucvessive stages of growth may be recognised 
without much difficulty. For the sake of simplicity, let us-eap- 
pHeee the land masa, on which an original river has hecun tta work, 
stands perfectly still after ite firet elevation ot defurmation, and 
40 remaina until the river has completed its task of carrying away 
all the mass of rocks that risv above its haselevel, This lapse of 
time will be callod a evele in the life of o river, A eomplete 


* Ceol, Vinta Mountains, 1TH, 1 
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dvelé aa long tieasure of time in region# of great elevation or 
of hard rocks; but whether or not any river ever passed through 
aaingle eyele of life without interruption we need not now in- 
quire, Our purpose is only to learn what changes it would ex- 
perience if it did thus develop steadily from infancy to old age 
without distorhance, 

In its infaney, the river drains its basin imperfectly ; for it is 
then embarrassed by the original inequalities of the surface, and 
lakes collect in all the depressions At euch time, the ratio of 
evaporation to rainfall ia relatively large, and the ratio of trans- 
ported land waste to rainfall is amall The channels followed by 
the streams that compose the river os « whole are narrow and 
shallow, and their somber ts emall compared to that which will be 
deywlopwd at alaterstage. The divides by which the side-streams 
are separated are poorly marked, and in level countries are aut: 
faces of considerable area and wot lines at all. It is only in the 
later maturity of a csystem that the divides are reduced to lines 
by the consumption of the softer rocks on vither side, ‘The differ- 
ence between cunstructional forms and those forms that are duce 
to the action of denuding forees is in a general way so easily 
recognized, that immaturity and maturity of a draingve area can 
he readily diseriminated, In the traly infantile drainage «ystem 
of the Red River of the North, the inter-stremin arene are so alae 
lutely fat thet water colleots on them in wet weather, pot having 
dither original strietural slope or subse yucntly developed de- 
nuded slope to lead if to thestreams. On the almost myually 
young lava blocke of southern Oregon, the well-marked slopes 
are as yet hardly channeled by the how af rain down them, and 
the depressions among the tilted blocks are stil unmdrained, un- 
filled basins, 

As the river becomes adoleseent, ine channels are deepened and 
all the lary ones descend lode to baselewel TP loeul contrasts 
of hardness allow a quick deepening of the downstream part of 
the thannel, while the part next up-st Peni Pesiata arom, a oie 
cole of waterfall results; but the the Inkes of varlivr vouth, it is 
evnnescent, and endares bat oa small part of the whole evele of 
growth; but the falls on the small lieadwater streains of a large 
river tay lwet mite ite maturity; just as there are young twigs on 
the branches of a large tree. With the deepening of the chan- 
nels, there comes an incresso in the number of eulleye on the 
slopes of they choonel ; the gullers grow inte ravines and thee 
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into sie valleys, joining their master streame at night angles (Ls 
Noé and Margerie), With their continued development, the ma- 
turity of the ayetem is reathed ; it ia marked by an almost oom- 
plete acquisition of every part of the original constructional sur- 
face by erosion ander the guidance of the streams, xo that-every 
drip of rain that falls finden way prepared to lead it toa stream 
and then te the ceean, ita gol. The lakes of initial crea peer fest crn 
have long since disappeared ; the waterfalls of udolescence have 
been worn back, unless on the still young headwaters. With the 
increase of the number of side-streams, ramifying mte all parts of 
the drainage basin, there isa proportionate increase in the surface 
of the valley slopes, and with this comes an increase in the rate 
of waste under atmospherio forces: hence ih ts at marurity that 
the river receives and carrica the greatest load ; indeed, the in- 
creaso may be carried ao far that the lower trank-stream, of gentle 
alope in its early maturity, t@ unable to carry the load brought to 
it by the upper branches, and therefore resorts to the temporary 
expuidient of laving it aside ina flowed: “plain. The level af the 
floud-plain ix sametimes built ap faster than the small sidhe-streame 
of the lower course cin fill their valleys, ond henew they are con- 
verted For a Hittle distance above their mouths into shallow lakes, 
The growth of the flood-pliin alko reaults in cartying the potnt of 
junetion of tributaries farther and farther down stream, and ot 
last in turning lateral streams made from the main stream, some 
times forcing them to follow mdependent courses to the ein 
(Lombantini) Hut although thus separated from the main 
trunk, it would be no more rational to regard such streams os 
independent rivers than it would be to tegaridd the branch of an 
old tree, cow fallen to the ground in the decay of adwascing age, 
dean independent plant; both are detached portions of a single 
individual, from whieh they have been separated in the normal 
pees of yrowth and devay, 

In the later and qnieter old age of a river evetem, the waste of 
the land ia yielded slower by reason of the diminishing slopes of 
the valley sides ; then the heudwater streams deliver lesa detritts 
ta the main channel, which, thus relieved, turns to rts: postponed 
task of carrying ite former execss of load to the sea, and cuts ter 
races in its flood-plain, preparatory to sweeping ibaway, Tt does 
not always find the buried channel again, and perhaps settling 
down on alow apur in little to one side of its old line, produces: a 
rapid or a low fall on the lower slope of such an obstruction 
(Penck), Sueh courses may be called locally superimposed. 
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It ia only during maturity and fora time before and afterwards 
that the three divisions of a river, commonly recognized, appear 
most distinctly ; the torrent partion being the still young head- 
water branches, growing by gnawing backwards at their sources ; 
the valley portion proper, where longer time of work has enabled 
the valley to obtain a greater depth and width ; and the lower 
flood-plain portion, where the temporary deposition of the oxcuns 
of load is made wotil the setivity of middle life in pusst. 

Maturity seems to be a proper term to apply to this long en- 
during stage; for nein organic forma, where the term first came 
into use, it here also signifies the highest development of all fome 
tions between a youth of endeavor towards. better work and an 
old uge of relinquishment of fullest powers. It is the mature 
river in which the rainfall is beet lead away to the sea, and which 
carries with it the greatest load of land waste; it is at matarity 
that the mwular descent and steady flow of the river in best de- 
veloped, being the lvast delayed in lakes and least overhurried-in 
impetuous falls, 

Maturity past, and the power of the river ia on the decay. 
The reef of the land diminishes, for the streams no longer 
deepen their valleys although the bill tops are degraded; and 
with the general logs of elevation, there is a failure of rainfall to 
a certain extent ; for it is well known that upto certain consider- 
able altitudes rainfall increases with height, A hyetographic and 
ahypacnietric map of a country for this reason show a marked 
correspondence, ‘The slopes of the headwaters decrease and the 
valley sides widen eo far that the land waste descends from them 
Blower than before, Later, what with failure of rainfall and de- 
crease of slope, therm is perhaps a return to the tarly imperfeetion 
of drainages, and the number of sidé streania diminishes os branches 
fall froma dying tree: The flood-plains of maturity are carried 
down to the sea, and at last the river settles down to an old age 
of well-earned rest with gentle flow and light load, little work re- 
maining to be done. The reat task that the river entered Lepr 
is Completed, 

16. Mutual adjustment of river cowrses,—In certain atractures, 
chiefly those of mountainous disorder on which the streams are at 
first high above baselevel, there is a process of adjustment ex- 
tremely characteristic of quiet riyer development, by which the 
down-hill courses that were chosen In early life, and as we may 
aay unmmdvised!y and with the heedlessness and little foresight of 
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youth, are given up for others better fitted for the work of the 
mature river system, A change of this kind happens when the 
young stream taking the lowest line for ita guide happens to flow 
on a hard bed at o considerable height above baselevel, whil ite 
branches on one side or the other have opendd channels on softer 
beds: a part of the main channel may then be deserted by the 
withirawal of ite upper waters to a lower course by way of a 
side stream. The change to better adjustment also happens when 
the initial course of the main stream is much lounger than a course 
that may be offered to ita upper portion by the backward gnaw- 
ingof an adjacent strenin (Liwl, Pevek) Sotaetimes the lateral 
cutting or planation that characterizes the main tronk of a mature 
river gives it posession of an adjacent smaller stream whoed bed 
ig ata higher level (Gilbert), A general account of these pro- 
cones may be found in Phillippaon's serviewahle “Studien ther 
Wasserscheidon ” |Leipaig, 1686). This whole matter is of much 
importance and deserves deliberate examination. It should be 
remembered that changes in river coursea of the kind now re- 
ferred 10 are unconnected with any external disturbance of the 
river basin, and ure purely normal spontaneous acta during ad- 
vancing development. Two examples, pertinent to our special 
atudy, will he considered. 

Let AB, fig. @, be a dtream whose initial consequent course led 
it down the gently sloping axial troagh of a synecline, The con- 
atructional surface of the ayncline is shown by contours, Let the 
jivcession of beds to be discovered by erceion be indicated ina 
section, Imid in proper potion on the several dingrame, bit 
revelved inte the horizental plane, the harder beds being dotted 
and the baselevel standing at 00. Small side streams will soon 
be developed on the slopes of the ayneline, in postions determined 
by cross-fractures or more often: by what we call accident ; the 
action of streame in-similar synelines on the outsrle of the 
enclosing anticlines will be omitted for the sake of simplicity. 
In time, the side streams will out through the harder upper bed M 
and enter the softer bed Non which bongeitudinal channels, indi- 
cated by hachores, will bw extended along the strike, fig. 10 (Ta 
Noé@ and Margerie). Let these be ¢alled “subsequent” streanis, 
Consider two side streams of this kind, C and D, beading against 
tach other at E, one joining the main ‘stream lower down the 
a of the syneline than the other’. The headwaters of © will 
rob the headwaters of 1), because the deepening of the channel 
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of D is retarded hy its having to join the main stream aton potnt 
where the hard hed i in the axis of the fold healels the main channel 
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well abluve hasclevel, “The noteh cat by D will then be changed 
from a water-gap to a wind-oap and the upper portion of D will 
find exit through the woteh ent by C,as in fiz. 1h. As other sub- 
sequent headwaters make cagture of C, the greater depth to which 
the lateral valley is cut cm the soft rock eauses a elie migrations 
of the divides in the abandoned gaps towards the main stream, 
ind before long the upper part of the main stroam itself will be 
led cut of the evinelinal ixis to follow the monoeclingal Valley ett 
one side for a distance: fig. 22, amtil the axis con be rejoined 
through the gap where the axial portion of the controlling hard 
tad is newr or at haseleyel, The upper part of the synelinal 
trough will then be attacked by undercutting on the ‘slope of the 
quickly deepened channels of the lateral streams, and the hard 
hed will be worm away in the higher part of the axis before it iz 
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consmmed in the lower part. The loeation of the successful 
lnteral stream on one or the other side of the «yncline may be 
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determined by the wip of the beds, gaps heing ent quicker on 
atery) that an goitle dips. Lf another hard bed is eneotintered 
lelow the soft one, the previes will be repeated :-and the mature 
arrangement of the streame will lie as in fig. ta (on a amaller 
stilt than the piewding), running obliquely off the axis of the 
fold where a bord bed of the syneline risek above luaselevel, and 
returning to the axis where the lard bed is below oF at baselervel ; 
a monoclinal stream wandering gradually from the axis along the 
strike of the soft bed, AE. by which the sidevalloy is located 
and returnuig abroptly to the axis by a catachnal® stream i i 

* See the tepnunelogy sogeeate] by Powell, Expl, Col, HR. of the Weat, 
LSTG, Ui, This terminology is applicable only to the most detailed 
study of our ciyers; by reason of their crossing. so many folds, wind 
changing 50 often from longitudinal Lo transverse QoL. 
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transverse gap, EB, in the mext higher hard bed, and there 
rejoining the diminished representative or surviver of the 
original axial or synelinal stream, GH, 

Lt. Terminology of veers changed by edjustinent.— A. special 
terminvlogy is needled for easy reference to the several parts of 
the streams concerned in such an odjustment, Let AB and 
CD, fig. 14, be streams of unequal site cutting gaps, FE and G, in 
a ridge that lies transverse to their course. C1) being larger than 
AG will deepen its gap faster, Of two suksequent streams, JE 
auld PF, growing on the up-stream side of the ridge, JE will have 
the steeper elope, heranse it joins the deeper master-stream, The 
divide, 7, will therefore he driven towards AB, and if all the 
conditions concerned conspire favonibly, JE will at last tap AB 
at Fy and lead the upper part, AF, ont by the line FEGD, fig, 15, 
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through the deeper gap, G We may thon say that JE becomes 
the dirertur of AF, which is diverted ; and when the prontss is 
completed, by the transfer of the divide from J, on the soft reeka: 
to a stable location, HW, on the hard rocks, there will hea short 
(anerted stream, HE > while HB is the remaining bedeaded portion 
at ola cvriirt reat! atrium, AB, and the Whter-fap of AH becomes: no 
wind-gap, H. Tt is very desirable that geographic oxploration 
should discover examples of the process of adjustment im ita 
soveral stages, The preparatory stage is easily recognised by the 
ifference in the size Of the two main streams, the difference in 
the depth of thetr gaps, and the unsymmetrical pusition of the 
divide, J. The very brief stage of traniition vives ux the rare 
examples of bifureating-streams: For a short time after captare 
of the diverted stream by the divertor, the new divide will lie 
between Foand Hy in an unstable position, the duration of this 
time depending on the energy of the process of capture, 
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The consequences resulting from readjustments of thie kind by 
which their recent necurrence can be detected are: a relatively 
sudden increase of volume of the diverter and henee o rapid 
decpening of the courme of the diverting stream, FE, and of the 
diverted, AF’, near the point of capture; paroal!l side-streames of 
these two being unable to keep pace with this change will join 
their masters in local rapids, which werk op stream gradually 
and fade away (Lowl, Penck, MeGee} The expanded portion, 
ED, of the larger stream, CD, already of faint slope, may. be 
locally overcome fora time with the increase of detritus that will 
be thos delivered! to it at the entrance, E, of the divertor; while 
the beheaded stream, FB, will find itself embarrassed to live wp 
to the habits of ita large valley [Heim], Georraphic exploration 
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with these matters in mind offers opportunity for the most 
attractive disooveries, 


18, Aronples of adjustment.— Another vase is roughly figured 
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in the next three diagrams, ties, 16, 197,18. Two odjacent syn- 
Hinal streams, EA amd IG, join o transverse master stream, C, 
bot the eynelines are of different forms; the surface axis of one, 
EA, #tinds at some altitude above lnselevel antil it nearl ¥ relvchies 
the placy of the transverse stream: while the axis of the other, 
LIB. descends near baselevel at a coneiderable diatance from thie 
tranaverse atream, As loteral vaileva, E and D, are opened on 
the anticline between the aynelines by aes similar to that 
already described, the divide separating them will «hift towards 
the streani of fainter alupe, that is, towards the ayncline, EA, 
whow ate holds its hard beds shove baselevels and in time the 
upper part of the main stream will be withdrawn from this «yn- 
cline to follow an easier course by crossing to the other, as in fig. 
17. Tf the elevation of the svnelinal axis, ARS, take the shane of 
ilong flat arch, descending at the further end into a evnelinu! 
lake basin, 8, whose outlet is along the arching axis, SA, then 
the mature arrangement of -stream courses will lend the lake 
outlet away from the axis by seme gap in the nearer-ascending 
part of the arch where the controlling hard bed falls near to 
baselevol, na at F’, fig, 18," and will take it by somw subsequent 
course, FD, avrosa the lowland that is opened on the soft beds 
between the synelines, and carry it into the lower ayneline, HB, 
at D where the hard beds descend below baselevel, 

The variety of adjustments following the general principle 
here indicated is infinite. Changes of greater or less value ore 
thus introduced in the initial drainage areas, until, after attaining 
an attitude of oquilibriom, further change t# arrested, or if Gcour: 
ring, ia relatively insignificant. It should be noticed that the 
new stream courses thus chosen are not named by any of the 
terms now current to express the relation of stream and land his 
wory ; they are neither consequent, antecedent nor superimposed, 
The stream ie truly still an original stream, although no longer 
young > but it channel a notin all parte strictly consequent on 
the initial constructional form of the land that itvhrams. Streams 
thus re-arranged inay therefore be named original streams of 
mature adjustment. 

It should be clearly recognized that the process of adjustment 
isu very slow one unless moasored in the extremely long unite 

* This figure would be improved if a greater pmount of wasting 
arvund the margin of the hord bel were indicated in comparison with 
the preceding figure. 


Lhe Rivers and Valleyy of Pennsylvania, 213 


af a rivers: life, It progresses mo faster than the weathering 
away Of the slopes of adivide, and here as a rule weathering is 
deliberate to say the least, unless accelerated by a fortunate com- 
hination.of favoring conditions Among these conditions, great 
altitude of the mass pk) to erosion stands first, and deep 
channeling of atreamea below the sourface—that is, the adolesecnt 
itupe of drainage development—stands seeond. The opportunity 
for the lateral migration of a divide will depend on the inequality 
Of the slopes on ite twoosides, and here the most important fe- 
tore are length of the two opposite stream courses from the water 
parting to the common taselevel of the two, and inequality of 
structure by which one-stream may have an sey course and the 
other a hard one, [t tm manifest that all these conditions for 
active shifting of divides are best united in young and high 
mountain ranges, and henee it in that river adjustments have 
been found and studied more tn the Alps than elvewhere, 

19, Aenival of rivera hy elevation and drowning by depression, 
—I make no contention that any river in the world ever passed 
through o simple uninterrupted cycle of the orderly kind here 
described. But by examining many rivers, some young and 
come old, de not doubt that this portrayal of the ideal would 
he found to be fairly correct if opportunity were offered for ite 
development, ‘The intention of the sketch is “imply Lo prepare 
the way for the better understanding of our actual rivers of more 
complicated history. 

At the close orat any time during the passage of an initial 
evele auch as the one just considered, the drainage area of a river 
syatem may be bodily elevated, ‘The river is then turned back 
toanew youth andenters a new eyele of development. This is 
an oxtremely common ceeurrence with rivers, whose life is so long 
that they commonly untlive the durition of s quiescent stage im 
the history of the land. Such tivera may be called revived. 
Examples may be piven in which streams are now Im their second 
or third period of revival, the elevations that separate their cycles 
following a0 soon that but litthe work was uccomplisbed in the 
quiescent intervals. 

The antithesis of thie is thé affect of depression, by which the 
lower course nay be drowned, flooded of fjorded, This change 
is, if slow, [avorable to the development of flood-plaing in the 
lower course ; but it ia. mot essential to their production. If the 
change is more rapid, open estuanes are formed, to be trans- 
formed to delta-lowlands later on. 
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20, Gpertun (ty far mee adyysteventa eoith reeteal—Ony af 
Hie tite coinren teeta af the revival afta river by general ele- 
vat i a thew adjustment of its course té aA greater or less 
ettent, 22a result of thy mew relation of bagelevel to the hard 
tid soft bade on which the streams had adjusted themselves in 
the previews oyele, Synelinal mountains are most ensly ex- 
jlminnedl cas results of drainage changes of this kind [Seience, Dee, 
dist, (S88). Streams thus rearranged may le said to be sdjuaced 
thirties elovation or revival, It into be iypoenal that, is. our study 
advances, single names of brief and appropriate form may 
replace these paraphrases > but at present it secma advisable to 
keep the desired ies before the mind by « descriptive plirase, 
even at the sacrifioe of brevity. A significant example may be 
described, 

Let ot be sapposed that nn originally comequent river system 
hak lived inte advanced maturity on a surfice whose stricture 8, 
like that of Pennsylvania, composed of closely adjacent anticlinal 
and synelinal fold« with rising and falling axes, ancl that 9 series 
of particularly rewatant beds composes the upper members of the 
folded mass, The master stream, A, fiz, 10, at maturity still 
reaides where the original folds were lowest, but the side streame 
have vlepurtel more lees from the aves of the synclinals that they 
first followed, in accordance with the principles of adjustment 
presented above. The relief of the surface is moderate, except 
aronnd the svielinal troughs, where the rising margins of the 
hard bods still appear as ridges of more or leas promimence, The 
minute hich in figure 1 are drawn on the onterop side of 
these ridges, Sow suppose fireneral elevation of the reirjon, 
lifting the synelinal troughs of the bard beds up to baselevel or 
even somewhat above it, The deepening of the revived master: 
stream will be wreatly retarded by reasowof is having to cross 
so many outcrops of the bard beds, and thisexcellent opportunity 
will be given for readjustment by the growth of some diverting 
stream, 1, whewe beginning on wijacent softer rouks was ulready 
made ii tie previous eyele, This will eaptire the main river at 
sone upstream point, and draw it nearly all away from ita hard 
path serasa the synelingal troughs to an easier path across the low- 
luna that hid boen opened on the underlying softer beds, leaving 
ouly osmall beheaded remnant in the lower course. The final 
reurrangement may be indicated in fig. 20. It should be noted 
that every capture of branches of the initial main stream made 
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by the diverting stream adds to tte ability for further encroach- 
ments, for with increase of volume the channel is deepened and a 
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fatter slope ts assumed, and the whole process of pushing away 
the divides is thereby accelerated. In general it) may be snid 
that the larger the stream and the less ite clevation above bage- 
level, the leas Kkely is it to be diverted, for with large volume 
and small elevation it will early ont down ite channel so close to 
hatelevel that nd other stream can offer it a better course to the 
dea; it may olso be said that, aso rule, of two equal streams, the 
headwaters of the one having a longer or a harder course will be 
diverted by a branch of the stream on the shorter or easier 
course, Every ease must therefore be examined for iteclf before 
the kind of re-arrangement that may be expected or that may 
have already taken place can be discovered. 

21, Antecedent and superimposed rivers,—It not infrequently 
happens that the surface, on which a drainage system is more or 
less fujly developed, suffers deformation by tilting, folding or 
faulting. Then, in accordance with the rate of disturbance, and 

ei 


216 National Geographic Magazine, 


dependent on the sire and slope of the streams and the resistance 
of the rocks, the streams will be more or lesa re-arrangeil, some 
of the larger onea persisting in their courses and cutting their 
channels down almost na fost aa the mass below them js rajaed 
and offered to their action. Itia manifest that streame of large 
volume and considerable slope are the ones most likely to per- 
severe in this way, while «mall streams and large ones of mod- 
erate slope may be turned from their former courses to new 
COUTBER COnBequent on the new constructional form of the land. 
Henee, after a disturbance, we may expect to find the smaller 
streams of the former cycle protty completely destroyed, while 
dome OF the larger onea may etill persist; these would then he 
called antecedent streams in socordance with the nomenclature 
introduced by Powell.* A fuller acquaintance with the develop- 
ment of our rivers will probably give us examples of river ayA- 
teme of ull degrees of extinction or persistence at times of dis. 
turbance. 

Since Powell introduced the idea of antecedent valleys and 
‘Tietze, Medlioott and others showed the validity of the explana: 
tion in other regions than the one for which it was first proposed, 
it has found much aeteptance, Low's objection to it does not 
seem to me to be nearly ad well founded as his sigeestion of an 
additional method of river development by means of backward 
headwater erosion and subsequent capture of other streams, as 
already described. And yet I cannot help thinking that the ex. 
planttion of transverse volleys as antecedent courses aayora of 
the Gordian method of oxplaining a difficult matter, The cose 
of the Green river, to which Powell first gave this explanation, 
wens well supported ; the examples given by Medlioott in the 
Himalayus are as good: but still it does not seem advisable to 
explain all transverse streams in this way, merely because they 
are transverse, Perhaps one teason why the explanation has 
became #0 popularis that it furnishes an eacape from the old 
catastrophic idea that fractures control the loeation of valleys, and 
is at the aume time fully aceordant with the ideas of the unifarm- 
itarian school that bave become current in this half of our ceq- 
tury. But when it ia remembered that most of the streama of a 
region are extinguished at the time of mountain growth, that 
only a few of the larger ones can survive; and that there are 
other ways in which transverse streams may originate,t it is evi- 

* Exploration of the Colornda River of the Weet, 1875, 15%, 1fa-j0a. 

+ Hilber, Pet. Mitth., sary, [888, 18. 
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dent that the possibility of any given transverse stream being 
antecedent must be regarded only as a suggestion, until some inde- 
pendent evidence ia introduced in its favor, This may be difficult 
to find, bat it certainly must be searched for; if not then forth- 
coming, the best conclusion may be to leave the ease open until 
the evidence appears. Certainly, if we find a river course that is 
nerordant in ita location with the complicated results of other 
mithods of oryin, then the burden of proof may be said to lie 
with those who would maintain that an antecedent origin would 
locate the river in eo specialized a mancer. Even if a river per 
aiat fora time in an antecedent course, this may not prevent ita 
heing afterwards affected by the various adjustments and revi- 
vale that have been explained above: mvers so distinctly ante- 
cedent aa the Green and the Sutle] may bereafter be more or less 
affected by processes of adjustment, which they are not yet old 
enough to expertenes, Hence is mountains as old as the Appals- 
chians the courses of the present rivera need not ooimeide with 
the location of the pre-Permian rivers, even if the latter por- 
disted in their courses through the growth of the Permian fold- 
ing ; subaequent elevations and adjustments to hard beds, at first 
boried and unseen, may have greatly displaced them, in accord- 
ance with Low's principle, 

When the deeper channelling of « stream dispovers an uncon- 
formable subjacent terrane, the streams persist at least for a time 
in the courses that were determined in the overlying masa; they 
are then culled superimposed (Powell), inherited (Shaler), or 
epigenetic (Michthufen). Such streams are particularly liable to 
readjustment by transfer of channels from courses that lead them 
over-hard beds to others on which the hard beds are avoided ; 
for the firat choice of chonnels, when the unconformable cover 
was still present, wos made without any knowledge of the burned 
ravk structore or of the difficulties in which the streama would 
be involved when they encountered it. The examples of falls 
produced when strenme terrace their flood-plains and run on 
buried apura has already been referred to as superimposed ; and 
the rivers of Minnesota now disclosing half-buried ledges here 
and there may be instanced sa illustrating the transition stage 
between simple consequent courses, determined by the form of 
the drift sheet on which their flow began, and the fully inconse- 
quent courses that will be developed there in the future. 

22, Simple, compound, composite and complex rivera,—We 
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have thas far considered an ideal river. It now seems advisable 
to introduce a few terms with which to indicate concisely certain 
well marked peculiarities in the history of actual rivers, 

Ao original river has already been defined as one which first 
takes powwession of a land area, or which replaces a completely 
extinguished river on a surface of rapid deformation. 

A river may be simple, if ite drainige area ia of practically one 
kind of structare and of one age; bke the rivers of southern 
New Jerwy, Such rivers are generally small, It may. be com- 
posite, when drainage areas of different structure are included in 
the basin of a single stream. This ie the wenal case. 

A compound river is one which is of diffurent ages in ite differ. 
ent parte ; as certain rivers of North Carulina, which have old 
headwaters rising in the Mountains, and young lower courees 
traversing the coastal plain. 

A river ia complex when it has entered a second or later cycle 
of development; the headwaters of a compound river are there- 
fore complex, while the lower course. may be simple, in ite first 
eyole, The degree of complexity mesures the number of oyelow 
that the river has entered. 

When the study of rivers ix thus attempted, ite necessary com- 
plications may at first seem so great as to render it of no value; 
but in answer to this T believe that it may be fairly urged that, 
although complicated, the results are true to nature, and if #o, 
we can have no ground of complaint against them, Moreover, 
while it ie desirable to reduce the study of the development of 
tivers to its simplest form, in order to make it available for in- 
struction and investigation, it must be remembered that thin can- 
not be done by neglecting to investigate the whole truth in the 
hope of avoiding too great complexity, but that atmplicity can 
he reached safely only through fullness of knowledge, if at all. 

It is with these pointa in mind that I have attempted to decipher 
the-history of the rivers of Pennsylvania. We find in the Sus- 
quebauna, which drains a great area in the central part of the 
state, an example of a river which t4 af once composite, com- 
pound and bighly complex. It drains districts of divers atruc- 
ture: it traverses districts of different ages; and it is at present 
in its fourth or fifth degree of complexity, ita fourth or fifth oyele 
of development at least. In unravelling its history and search- 
ing out the earlier courses of atreams which may lave long since 
been abandoned in the processes of mature adjustment, it will be 
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aeen that the size of the present streams te wot aiways & Measure 
of their previous importance, and to thie we may ascribe the 
diftenlty that attends the attempt to decipher a river's history 
from general maps of ite stream lines. Nothing but « detailed 
examination of geological structure and history suffices to detect 
facts and conditions that are essential to the understanding of 
the result. 

If the postulates that I shall use seem unsound ond the argu- 
ments seem overdnawn, error may at least be avoided by not 
holding fast to the conclusions that are presented, for they are 
presented only tentatively, I do not feel ty any meéana gbao- 
lutely persuaded of the correctness of the results, but at the 
same time deem them worth giving out for discussion. The 
whole investigation was undertaken 48 an experiment to see where 
it might lead, and with the hope that it might lead at least to 
a serious study of oir river problema, 


Part Fourth. fhe development of the rivera of Ponnayleonia: 


at. Meine af distinguishing between ontecedent aed adjusted 
conaeguient rivers.— The outline of the geological history of Penn- 
ayivania given uhove affords means of dividing the long progress 
af thie development of our rivera inte the several cycles which 
make up their complete life. We must go far back into the past 
and jmagine ancient streams flowing down from the Archean 
land towards the paleomdic sea; gaining length hy addition to 
their lower purtious as the Jand ortew with the building on af 
Hieresive monnthiin ranges > for example, if there were a Cam- 
bro-Silurian deformation, a voutinoation of the Green Mountains 
mte Pennevivanio, we suppose that the pre-existedt streanie must 
In sont miner have found their way westward to the new const- 
line : and from the date of this mountain growth, it if - apparent 
that amy streama then bern must have advanced fur in their 
lnstory before the greater Appalachian disturbance began. At 
the bevinniog of the Intter, as of the former, there must have 
heen streams tonning from the land into the sen, and at times af 
temporary elevation of the broad sand-flats of the coal measures, 
such «treams met have lod eonsiderahle additivns to their lower 
length; rising in long-grewing Archean highlands or mountaina, 
snow-capped and drained by glaciers for all we can aay to the 
contrary, descending woress the Green Mountain belt, by that 
time worn to moderate relief in the far advanced stage of its 
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topographic development, and finally flowing across the eoal- 
measure lowlands of recent appearance. Tt was across the lower 
courses Of auch rivera that the Appalachian folds were formed, 
and the firs} step in our problom oonsists in deciding if possible 
whether the streams held their courses after the antecedent fash- 
ion, or whether they were thrown into new courses by the Brow: 
mg folds, so that a new drainage systen would be formed, Possi- 
bly bath conditions prevailed ; the larger streame holding their 
courses little disturbed, and the amaller ones disappearing, to be 
replaced bry others as the slopes of the growing surface should 
demand. It is not easy to make choice in this matter, To de- 
cide that the larger streams persisted and are still to be seen in 
the greater rivers of to-day, only reversed in direction of flaw, 
is certainly a simple method of treating the problem, but unless 
HOTT independent reseons are found for this choice, it savors of 
asuuinption, Moreover, it is difficult to believe that any atreama, 
even if antecedent and more or less persistent for a time during 
the mountain growth, could preserve till now their pre-Appa- 
lanhain courses through all the varying conditions presented hy 
the alternations of hard and soft rocks through which they have 
had tout, and ot all the different altitudes above baselevel in 
which they have stood. A better means of deciding the question 
will he to admit provisionally the occurrence of a completely 
original system of consequent drainage, located in perfect accard 
with the slopes of the growing mountaing; to study out the 
changes of stream-courses that would result from later disturb. 
ances and from the mutual adjustments of the several] members 
of such a system in the different cycles of ita history ; and finally 
to compare the courses thus dedaced with those: now seen, If 
thera be no accord, either the method is wrong or the streams are 
not oonmequent but of some other origin, such as antecedent ; if 
the accord between deduction aud fact be well marked, varying 
only where no definite location ¢an be given to the deduced 
streams, but agreeing where they can be located more precisely, 
then jt seems to me that the best conclusion ia distinctly in favor 
of the correctness of the deductions, For it is not likely, even 
if it be possible, that antecedent streams should have accident- 
ally taken, before the mountains were formed, just auch locations 
as would have resulted from the subsequent growth of the moun- 
tain and from the complex changes in the initial river courses 
due to later adjustments, I shall therefore follow the deductive 
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method thus indicated and attempt to trace out the history of a 
completely original, consequent syatem of drainage acoordant 
with the growth of the central mountain district. 

In doing this, it is first necessary to restore the constructional 
topography of the region; that is, the form that the surface 
would have hud if no erosion had accompanied ite deformation. 
This involves certnin postulates which must be clearly conceived 
if any measure of confidence into be gained in the results based 
wpon therm. 

24. Poatulates of the aryument,—In the firet place, | assume 
an essential constancy in the thickness of the paleoxoic sedimetits 
over the eutire ares in question, This is warranted here because 
the known variations of thickness are relatively of a seeond 
order, and will not affect the distribution of high and low ground 
aa produced by the intense Permian folding. ‘The reasons for 
maintaining that the whole series had a considerable extenston 
southesst of the present margin of the Medina sandstone have 
already been presented. 

In the recond place, Tahal! assume that the dips and folds of 
the beds now exposed at the surface of the ground may be pro- 
jected upwarde into the air in order to restore the form of the 
eroded beds. This is certainly inadmissible in detail, for it can- 
not be assumed that the folded slates and limestones of the 
Nittany valley, for instance, give any ¢lose inilication of the 
form that the coal measures would have taken, bad they extended 
over this district, unworn, But in a general way, the Nittany 
mast wae a complex arch in the coal measured as well aa in the 
Cambrian beds ; for our purpose and in view of the moderate 
relief of the existing topography, it suffices to say that wherever 
the lower rocks are now revealed in antiolinal structare, there 
was a preat opfoldmg and elevation of the original surface ; and 
wherever the hijher rocks are atill preserved, there was a relatively 
amall elevation. 

In the third place, [ aasume that. by reconstructing from the 
completed folda the form which the country would have had if 
unworn, we gain asufieiantly definite picture of the form through 
which it actually passed at the time of initial and progressive 
folding. The difference between the form of the folds com- 
pletely restored and the form that the surface actually reached is 
rather one of ‘degree than of kind; the two must correspond in 
the general distribution of high and low ground and this is the 
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chief consideration in our problem. When we remeniber how 
accurately water finds ite level, it will be clearer that what ia 
needed in the discussion is the location of the regions that were 
relatively ruised and lowered, as: we shall then have marked out 
the general course of the consequent water ways and the trend of 
the intervening constructional mdges, 

Accepting these postulates, it may he said in brief that the 
outlines of the formations as af present exposed are in offect so 
many contour lines of the oli constructional surface, on which 
the Permian rivers took their consequent courses, Where the 
Trenton limestone is now seen, the greatest amount of overlying 
strata must. have been removed ; hence the autline of the Trenton 
formation is our highest contour line: Where the Helderberg 
limestone appears, there has been a lesa amount of material 
removed ; hence the Helderberg outcrop ia om contour of less 
tevation. Where the coal beds still are preserved, there hos 
been least wasting, and thee beds therefore mark the lowest 
contour of the early surface. Tt is manifest that this method 
areumes that the present cuterops are an a level stirface : this is 
not true, for the ridges through the Stwte rise a thousand feet 
more oF leas over the intervening valley lowlands, and yet the 
existing relief does not count for much in discussing the enormous 
relief of the Permian surface that must have been measured in 
tens-of thousands of foet at the tie of tlk greatest strength. 

25. Conatrectional Pernran topography and consequent drain 
tg¢.—A mugh restoration of the early constructional topography 
idtgiven in fig. 21 for the central part of the State, the closest 
shading being the area of the Trenton limestone, indicating the 
highest wround, or better, the plawes of greatest elevation, while 
the Carboniferous area ia onshmdted, indicating the early lowlands, 
The prevalence of northeast and seathwest trends was then owen 
more pronounced than now, Several of the strotiger elements of 
form deserve names, for conventent reference, Thos we have 
the great Kittationy or Cumberland highend, CO, C, on the soath- 
east, hacked by the older mountetos of Cambron and: Archean 
rocks, falling by the Kittatinny slope to the eynclinal lowland 
troughs of the central district, in this. lower ground lay the 
aynclinal troughs of the eastery coal regions, and the more local 
Broad Top basin, GT, on the southwest, then better than mow 
deserving the name of basins, Beyond the eorroguted area that 
connected the coal basing rove the grent Nittany highland, N, 
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and its southwest extension in the Bedford range, with the 
less conspicuous Kishicoquilas highland, K, in the foreground. 
Beyond all stretched the great Alleghany lowland plains: The 
names thos suggested are compounded of the loonl names of to- 
day and the morphological names of Permian time. 

What would be the drainage of such a country? Doductively 
weare led to believe that it consisted of numerous atreame as 
marked in full lines on the figure, following synelinal axes until 
some master streams led them seross the intervening antiolinal 
ridges at the lowest points of their crests and away into the open 
country to the northwest. All the enclosed basine would hold 
lakes, overflowing at the lowest part of the rim. The general 
discharge of the whole system would be to the northwest, Here 
Again We must resort to special names for the ensy indication of 
these well-marked features of the ancient and now apparently lost 
drainage system. The master stream of the region is the great 
Anthracite river, carrying the overflow of the Anthracite lokes 
off to the northwest and there perhaps turning along one of the 
faintly marked synelines of the plateau and joining the original 
Ohio, which was thus confirmed in ite previous location across the 
Carboulferous marshes. The svynelinal streame that entered the 
Anthracite lakes from the southwest may be named, beginning on 
the south, the Swatara, §, fig: 21, the Wiconiseo, Wo, the Tus- 
carora-Mahanoy, M, the Juniatu-Catawisea, C, and the Wyoming, 
Wy. One of these, probably the fourth, led the overflow from 
the Broad ‘Top lake into the Catawiasa Inke.on the middle Anthra- 
cite river, The Nittany highland formed a strong divide between 
the central aud northwestern rivera, and on its outer slope there 
must have been streams descending to the Allewhany lowlands ; 
and ¢ome of these may be regarded as the lower courses of Car- 
houlferous rivers, that once rose in the Archean mountains, now 
beheaded by the growth of mountain ranges across their middle, 

26. The Jura monniaine Aomologous with the Permian Alfe- 
ghantce.—However willing one may be to grant the former 
existence of such a drainage aystem as the above, an example of 
asimilar one still in existence would be acceptable as a witness 
to the possibilities of the past. Therefore: we turn for 4 mament 
to the Jura mountains, always compared to the Appalachians on 
account of the regular series of falda by which the two are char- 
witerized, But while the initial topography is long lost in our 
old mountains, it i still clearly perceptible in the young Jura, 
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where the anticlines are still ridges and the longitudinal streams 
still follow the synelinal troughs; while the transverse streams 
cross from one #ynelinal valiey to another at points where the 
intervening onticlinal arches are lowest." We could hardly ask 
for better illustration of the deductive drainage system of our 
early Appalachians than is here presented. 

27. Development and adjustment of the Permian crainage.— 
The problem ia now before wa. Can the normal sequence of 
changes in the regular course of river development, sided by the 
puat-Pormian deformations and elevations, evolve the éxiating 
rivers out of the ancient ones? 

In order to note the degree of comparison that exists between 
the two, several af the larger rivers of tovlay are dotted on the 
figure. The points of agreement ore indeed few and small, 
Perhaps the most important ones are that the Broad Top region 
i@ drained by o #tream, the Juniata, which for o short distance 
follows near the course predicted for it; and that the Nittany 
district, then a highland, ts still a well-marked divide although now 
a lowland, Bat there is no Anthracite river, and the region of 
the ancient ecal-basin lakes is now avoided by large streams; con- 
versely, & great river—the Susquehanosa—appears where no con- 
sequent river ran in Permian time, and the early aynclinal streams 
frequently torn from the structoral troaghe to valleye lovated on 
the structural arches, 

28. Jateral water gape near the apes of aynclinal ridges.—One 
of the most frequent discrepancies between the bypothetienl and 
actual streams is that the latter never follow the axis of a deseend-~ 
ing ayncline along ite whole length, wa-the original streams must 
have done, but depart for a time from the axis and then retarn 
to it, notching the ridge formed on any hard bed at the side 
instead of at the apex of ite curve across the axis of the syneline. 
There is not a single case in the staw of a stream cutting a gap 
at the apex of such # synclinal curve, but there are perhapa hun- 
drads of cases where the atrenms notch the curve to one side of 
the apex. This, however, is precisely the arrangement attained 
by spontaneous: adjustment from an initial axial course, a4 indi- 
cated in figure 19. The gaps may be located on «mall transverse 
faults, but aga role they seem to have no such guidance. It 18 
trie that most of our streams now run out of and not into the 

* This ip beautifully lustrated in the recent monograph by La Nod 
ond Margerie on “ Les Formes do Termin.” 
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aynelinal basins, but a reason for this will be found later; for the 
present we look only at the location of the streams, nok at their 
direction of flow, As far as this illustration goes, it gives evidence 
that the smaller streams at least possess certain peculiarities that 
could not be derived from persistence in a previous accidental to- 
cation, bat which would be necessarily derived from a progess of 
adjustment fallowing the original establishment of strictly conse- 
quent streams, Henee the hypothesis that these smaller streams 
wore long aro consequent on the Permian folding rece ves HOT 
Grmation: but this seve nothing as to the origin of the larger 
rivers, Which might at the same time be antecedent. 

29, Departure af the Juniata from the Juniata Catawiasa ayn 
cline. —Tt may be next noted that the drainage of the Broad Top 
region does not fallow a single syneline to the Anthracite region, 
as it should have in the initial stage of the consequent Permian 
drainage, but soon turns aside from the synelme in whieh it 
tarts and runs actoss country Ww the Susquehanna, Tt is troe 
that in it2 upper course the Junista departs from the Bread Top 
ruzion by one of the two synclines, that were indicated as the 
prohable line of discharge of the ancient Broad ‘Top lake tH our 
restoration of the constructional topography of the State; there 
does not appear to beany significant difference between thie: aumvmit 
altitudes of the Tuscarora-Mahanoy and the Juniata-Catawises 
synelinal axes and hence the choive must have heen made for. 
reasons that cannot be detented ; or it may be that the eyneline 
lyitig more to the northwest was raleed list, and for this reasen 
was taken as the line of overtlow. ‘The beginning of the river i 
therefore not discordant with tha hypothesis of consequent 
drainage, but the southward departure from the Catawissa 
ayneline at Lewistown remains to be explained, It seeme to me 
that seme reason for the departure may be found, by likening it 
to the euse alremdy given in figs, 1-18. The several «ynelines 
with whieh the Juniata ie concerned have precixely the relative 
attitudes that are there discussed, Phe Juninta-Clutawiesa Byte 
cline has parallel silos for many miles about its middle, and 
hence must have long maintained the initial Juniata well above 
haxelevel over all thit distance : the progres of outting down a 
channel thrvugh all the hard Carboniferous atandetones for Re 
great a distance along the axix must haye been exceedingly slow, 
But the «vnelines next south, the ‘Tusourora-Mahanoy and the 
Winoniseo, plunge to the worthesst more rapidiy, as the rapid 
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divergence of their margins demonstrates, and must for this 
reason haye carried the hard satdetones below baselovel in o 
shorter dittance and on a steeper slope than in the Catawiesw 
syncline. The further southwestward extension of the Pocono 
sandstone ridges in the southern than in the northern ervncline 
gives further illustration of this peculiarity of form. Lateral 
capture of the Juniata by a branch of the mitial Tuscarora, and 
of the latter b¥ a branch of the Wiconiseo therefore seems pow- 
sible, and the accordance of the facts with so highly spectalined 
An arrangement is certainly again indicative of the correctness 
of the hypothesis of consequent drainage, and this time in a 
larger stream than before. At first sight, it appears that an 
eamier lateral capture might have been made by some of the 
streams flowing from the outer slope of the Nittany highland ; 
but this becomes improbable when it is percerved that the heavy 
Medina sandstone would here have to be worn through as well os 
the repeated arches of the Carboniferous beds in the many high 
folda of the Seven Motntains. Again, os far as present appeur- 
ANCES fo, We can give rio sufficient reason to explain why posses- 
sion of the headwaters of the Juninta was not gained by some 
subsequent stream of ity own, such as G, fig: 15, instead of by a 
aide-atream of the river in the neighboring ayncline; bot it may 
be admitted, on the other hand, that as far as we can estimate 
the chances for conquest, there was nothing distinetly tn favor of 
one or the other of the side-streams concerned; and aa long aa 
the problem is solved indifferently in favor of one or the other, 
we nay accept the lead of the facts and say that some control 
hot now apparent determined that the diversion should be, aa 
drawn, through D and not through G. The detailed location of 
the Juniata in ite middie course below Lewistown will be con- 
sidered in a later section. 

10. Aroidance af the Mroad Top éasin by the Juniata Agad- 
wofert.— Another highly characteristic change that the Juniata 
has euffered is revealed by examining the adjustments that 
would have taken place in the general topography of the Hroad 
Top district during the Perm-Triagsic ovele of erosion, When 
the basin, BT, fig. 22, wae first outlined, centripetal streams 
descended ita slopes from all sides and their waters accumu- 
lated as a lake in the center, overflowing to the cast into the 
subordinate basin, A, m the Juniata syncline slong side of the 
larger basin, and thence escaping northeast, In due time, the 
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breaching of the slopes opened the softer Devonian rocks beneath 
and peripheral lowlands were opened on them, The process by 
which the Juniata departed from its original axial location, J, 
fig. 22, toa parallel course on the southeastern side of the syn- 
cline, J, fig. 24, bas been deserihed (fig. 18), The subsequent 
changes are manifest. Some lateral branch of the Juniata, ike 
N, fig, 23, would work its way around the northern ond of the 
Broad Top canoe on the soft underlying rocks and capture the 
axial stream, CU, that came from the depression between Nittany 
and Kishicoquillas highlands; thus reinforced, capture would be 
made of a radial stream from the weat, ‘l'on, the existing Tyrone 
branch of the Juniata; ina later stare the other streama of the 
western side of the basto would be sequired, their divertor eon- 
stituting the Littl: Juniata of today; and the end would be 
when the original Juniata, A, fig. 22, that once isswed from. the 
subordinate synelinal a4 a large stream, bad lost all ite weetern 
tnbutaries, and was but a shrunken beheaded remnant of a river, 
now seen in Aughwick creek, A, fig. 24. In the meantime, the 
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former lake basin was fast becoming «a synclinnl mountain of 
diminishing perimeter, The only really mysterious courses of 
the present streams are where the Little Juniata rune in and out 
of the western border of the Broad Top synclinal, and where the 
Frankstown (FT) branch of the Juniata maintains ite independ- 
ent gap across Tussey's mountain (Medina), although diverted to 
the Tyrone or main Juniata (To) by Warrior's ridge (Oriskany) 
jost below. At-the time of the early predatory growth of the ini- 
tial divertor, N, its course lay by the very conditiona of ite growth 
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on only the weakest rocks ; but after this little stream had grown 
to a good-eied river, further rising of the land, probably in the 
time of the Juragsie elevation, allowed the river to sink ita 
channel to a greater depth, and in doing em, it encountered the 
hard Medina anticline of Jack’s mountain; bere it has since 
persisted, because, as we may suppose, there has been no stream 
thle to divert the course of so largo a river from its crossing of a 
wingle hard anticlinal. 

The doubt that one must feel ax to the possibility of the pro- 
cnsses just outlined arises, if I may gange it by my own feeling, 
rather from incredulity than from. direct objections, It seams 
incredible that the waste of the valley slopes should allow the 
backward growth of N at such a rite as to enable it to capture 
the heads of C, ‘Tn, Fy and ao on, before they had cut their beds 
down close enongh to the baselevel of the time to be safe from 
capture. But it is difficult to urge explict objections against the 
process or to show its quantitative insufficiency, Tt must be re- 
membered that when these adjustments wore going on, the region 
weeone of great altitude, its rocks then had the same strong 
contrasts of strength and weakness that are so Apparent in the 
present relief of the surface and the streams concerned were of 
moderate size; leas than now, for at the time, the Tyrone, 
Frankstown and Bedford head branches of the Juninta had not 
acquired driinace west of the great, Nittany-Hedford anticlinal 
axis, but were supplied only by the rainfall on ite eastern slope 
(see section 39)—nnd all these conditions conspired to favor the 
adjustment. Finally while apparently extraordinary and difficult 
of demonstration, the explanation if applicable at all certainly 
fives cational correlation to a number of pectiliar and special 
stream courses im the upper Joniata district that ure meaningless 
under any other theory that has come to my notice, It is chiefly 
for this reason that [ am inclined to aceept the explanation, 

Ml, Mereraat! of larger rivera to aoutheast courves,—Our large 
rivers at present flow te the southeast, not to the northwest, 
Tt ia difficult te find any precise date for this reversal of flow 
from the initial hypothetical direction, but it may be suggested 
that it oreurred about the time of the Triassic depression of the 
Newark belt. We have been persuaded that much time elapsed 
between the Permian folding und the Newark deposition, even 
under the most liberal allowance for pre-Permian erosion in the 
Newark belt ; hence when the depression began, the rivera must 
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have had but moderate northwestward deelivity, The depres- 

dion and submergence of the broad Newark belt may at thin time 

have broken the oontinuity of the strenms that once towed 

across tt. The headwater streams from the ancient Archean 

country maintained their course: to the depression; the lower 

portions of the rivers may also have gone on as before; but the 

middie courses were perhaps tarned from the central part of the 

atate hack of the Newark belt, No change of attitude gives so 

fitting « vause of the southeastward flow of our rivers ae this 

The only test that T have been able to devise for the suggestion is 
one that i¢ derived from the relation that exists between the loca- 
tion of the Newark Lelt along the Atlantic slope and the course of 
the neighboring trumaverse rivers, [n Pennsylvania, where the 

belt reaches somewhat beyond the northwestern margin of the 

crystalline rocks in South mountain, the streams are reversed, as 

above stated ; hut in the Carolinas where the Newark belt lies far 
to thy east of the boundary between. the Cambrinn and crystal- 
line rocks, the Tennessee streams persevere in what we suppose. 
to have been their origmal direction of flow, This may be 
interpreted as meaning that in the latter region, the Newark 

depression was net felt distinetly enough, if at all, within the 
Alleghany belt to reverse the flow of the streams; while in the 
former region, it waa nearer to these strexma and determined 
change in their courses. ‘The original Anthracite river ran to the 
northwest, but its middle course was afterwards turned to the 
ecuthemst. 

Tam free to allow that this has the appearanee of heaping 
hypothesis on hypothesis ; but in no other way does the analysis 
of the history of our streams seem possible, and the success of 
the experiment eon be judged only after making it. At the 
wae time, | am conetrained to admit that this is tomy awn view 
the least satisfactory of the suggestions here presented. It may 
be correct, but there seems to bo no suffictent exclusion of other 
possibilities, For example, it must not be overlooked that, if 
the Authracite river ran southeast during Newurk deposition, the 
formation of the Newark northwestward monoecline by the 
Jurassic tilting would have had o tendeney to turn the river 
back again to its northwest flow. But as the drainage of the 
region is still southeastward, 1 am tempted to think that the 
Jorassic tilting was not here strong enough to reverse the flow of 
so strong and mature a river as the Anthracite had by that time 


The Rivers and Vatleys of Pennsylvania. 231 


come to be > and that the elevation that accompanied the tilting 
Waa not eo powerful in reversing the river to a northwest course 
ke the previews depression of the Newark basin had been in 
turiing it to the southeast If the Anthracite did continue to 
flow to the southeast, it may be added that the down-cutting of 
itn upper branches was greatly retarded by the decrease of slope 
nits lower course when the monocline was formed, 

The only other method of reverting the original northweet- 
ward flow of the streame that [| have tmagined is by capture of 
their hondwaters by Atlantic rivers. This seems to me less ¢ifee- 
tive than the method just considered ; but they are not mutu- 
ally exolusive and the actual result may be the sum of the two 
processes, “The outline of the idea ians follows. The long eon- 
thiued supply of sedimentary material from the Archean land on 
the southeast implice that it was as continually elevated. But 
there game atime when- there i¢ no record of further supply of 
material and when we may therefore suppose the elevation was 
vo longer maintained, From that time onward, the Archean 
range must have dwindled away, what with the encroachment of 
the Atlantio on ite eastern shore and the general action of denad- 
ing forces on its surface, The Newark depreesion was an effee- 
tive ad te the sant end, as bos been stated above, and for a 
tilerate distance westward of the depressed belt, the former 
direction of the streams must certainly have been reversed ; but 
the question reminine whether this reversal extended ns far as the 
Wyoming basin, and whether the subsequent formation of the 
Nowark monocline did not undo the effect of the Newark depres- 
sion, It is manifest that as far as our limited knowledge goes, it 
impossible to estimate these mutters quantitatively, and hence 
the twpartance of lowking for additional. processes that may sup- 
jlement the effect of the Newark depression and counteract the 
effect of the Newark uplift in changing the course of the rivers. 
Let it be supposed for the moment that at the end of the Jurassic 
uplift by which the Newark monocline was formed, the divide 
etween the Ohio and the Atlantic drainage lay about the muddle 
of the Newark belt. There was a long gentle descent westward 
from this watershed and o shorter and hence steeper descent eaat- 
ward, Woder such conditions, the divide must have been pushed 
westward, and ae long as the rocks were so exposed as to open 
areas of weak sediments on which capture by the Atlantic streams 
could go on with relative rapidity, the westward migration of the 
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divide woul) be important, For thie reason, it might he carried 
from the Newark belt ae far ax the present Alleghany front, 
beyond which further pushing would be slow, on account af the 
broad stretch of country there covered by hard horizontal beds, 

The end of this ia that, under any of the ¢ireumstancea here 
detailed, there would be warty in the Jnrmasic-Cretaceous ovele o 
distinct tendency to a westward migration of the Atlintic-Ohio 
divide; it is the consequences of this that have now to he 
examined, 

42 Capture af the Anthracite headwaters by the growing Sue- 
quéehoanana.—Throoghont the Perm-Triassic period of denudation, 
a creat work waa done in wearing down the original Allerhanies. 
Anticlines of bard! sandstone were breached, and broad lowlands 
were opened on the softer rocks beneath. Littl semblance of 
the early constructional topography remained when the period of 
Newark depression was brought to a close; and all the while the 
headwater streams of the region were gnawing at the divides, 
aking to develop the most perfect urrangemont of waterways, 
Several adjustments have taken piace, aod the larger s#tromma 
have been reversed in the direction of their fow: bot a more 
serious problem is found in the disappearance of the original 
master stream, the great Anthracite river, which must have at 
first led away the water from all the lateral synclinal streams. 
Being a large river, it could mot have been easily diverted from 
ite course, unless it was greatly retarded in cutting down its 
channel by the presence of many beds of hard rocks on its way, 
The following considerutions may perbape throw some light on 
this obscure point: 

Tt may be assumed that the whole group of mountains formed 
by the ‘Permian deformation had been reduced to a moderate 
relief when the Newark deposition was stopped by the Jurassic 
elevation, The harder ribs of rock doubtless remained as ridires 
projecting above the intervening lowlands, but the strength of 
relief that had been given by the constroctional forces had 
been lost, The general distribution of residual elevations then 
romaining unénbdued is indicated in fig. #4, in whieh the 
Crystalline, the Medina, and the two Carboniferous sandstone 
riiges are denoted by appropriate symbols, In restormy this 
phase of the surface foru, when the country stood lower than 
now, I have reduced the anticlines from their present outlines 
and increased the synelines, the change of aren being made 
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ereatest where the dipe are least, and henee most apparent at the 
ende of the plunging anticline god synclines, Some of the 
Medina sntictines of Perry and Juniata counties are not indi- 

cated becenusy they were not then uncovered, The country 
betwen the residual ridges of Jurassic time was chiefly Cam- 
brian lomestene anid Stluro-Deévonian alnales ond soft sandstones. 
The moderate ridges developed on the Oriskany and Chomung 
tondstones are not represented. The drainage of this stage 
retained the ortinal courses of the streams, exowpt for the 
adjustments that have been desertbed, but the great Anthracite 
river is drawn as if it had been controlled by the Newark depres- 
sion and reversed in the dircetion of ite flow, ao that its former 
upper course on the Cambrian rocks was replaced by a saperim- 
posed Newark lower course, Fig. 24 therefore representa the 
streama for the most part still following near their synolinal axes, 
although departing from them where they have to enter a eyneli- 
nal cove-mduntain ridge; the headwaters of the Juniata avoid 
the masa ot hard sandstones discovered in thd bottom of old 
Broad ‘Vop lake, and flow around them to the north, and then by 
a cross-country course to the Wicenisco synelinal, ss already 
described in detwl. Several streams come from the northenet, 
entering the Anthracite district after the fashion generalized in 
fig. 18, ‘Three of the many stream that were developed on the 
jrreat Kittatinny slope are located, with their direction of flow 
reversed; these are marked Sq, L and 1, and are intended to 
represent the ancestors of the existing Susquehanna, Lehigh and 
Delaware. We have now to examine the opportunities offered to 
these amall streams to increase their drainage wreas, 

The Jurassic elevation, by which the Newark deposition was 
stopped, restored to activity all the streams that had in the 
previous oyele sought and found a course close to baselevel, 
They now all set to work again deepening their channels, But 
im this restoration of lost activity with referenee to a now base- 
level, there came the beat powsible chance for numerous rearrange 
ments of drainage areas by mutual adjustment into which we 
must imaiire. 

Lhave alreaily illustrated what seema to me to be the type of 
the conditions involved at thie time in figa, 19 and 20, The 
master stream, A, traversing the aynelines, corresponds to. the 
reversed Anthracite river; the lowlands at the top are those 
that have been opened out on the Stluro-Dovonian beds of the 
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present Susquehanna middle course between the Pocono and the 
Medina ridges. The small stream, B, that is gaining drainage 
urea, in thease lowlands, corresponds to the embryo of the present 
Susquehanna, Sq, fig. 25, this having been itself once a branch on 
the south side of the Swatara synclinal stream, fig. 21, from 
which it-wae first turned by the change of slope socompanying 
the Newark depression ; bot it ia located a littl farther west 
than the actual Susquehanna, so a4 to avoid the two srncelinal 
eove mountains of Pocono sandstone that the Susquehanna now 
traverses, for reasons to be stated below (seetion 45}. This 
atrenin bad to cross aniy one bed of hard rock, ihe outer wall of 
Medina saudatone, between the broad inner lowlands of the rela- 
tively weak Siluro-Devoniwn rocks and the great valley lowlands 
on the still weaker Cambrian limestones. Step by step it must 
have pushed its headwater divide northward, and from time to 
time it would have thus captured a subsequent strenm, that crossed 
the lowlands eastward, and entered a Carboniferous eyncline by 
ope of the Interal gaps already desoribed, With every such 
capture, the power of the growing stream to capture others waa 
increased. Fig. 10 representa a stage after the streams in the 
Swatara and Wiconisco synelines (the latter then having gained 
the Juniata) had been turned aside on their way to the Carbon. 
iferous basins, On the other hand, the Anthracite river, rising 
somewhere on the plains north of the Wyoming syneline and 
pursuing an irregular course from one conl basin to another, 
found an extremely difficult tusk in cutting down ite channel 
norok the numerous hird tes of the Carboniferous sandstones, 
so Often repented in the rolling folds of the coal fields. Tt is alo 
important to renember that an aid to other conditions concerned 
wo the diversion of the begs per Anthracite m found in the decrease 
of elope that it« lower course suffered in crossing. the coal fields, 
u that area took any part in the deformation that produced the 
Newark motiocline—whichever theary prove trac in regard. to 
thi: origin of lia sclthesstward flow af thee rvera—tfar Leones af 
dope in the middle course, where the river had to cross many 
reefs of hard sandstone, would have heen very effective in length. 
ening the time allowed for the diversion of the headwaters. 

The question is, therefore, whether the tetardation of down- 
cutting here experienced by the Anthracite woe sufficient to 
allow the capture of its headwaters by the Susquehanna. There 
can be tittle: doubt as to the correct quality of the process, but 
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whether it was quantitatively sufficient is another matter. In the 
absonce of any means of testing its sufficiency, may the result, not 
be taken as the test? Is not the correspondence between deduc- 
tion amd facet close enough to prove the correctness of the deduo- 
tion F 

a3. Present outward drainage of the Anthracite basins.—The 
Lehigh, like the Susquehanna, made an attempt to eapture the 
headwaters of adjacent streams, but failed to acquire much terri- 
tory from the Anthracite beeause the Carboniferous sandstones 
spread out between the two in a broad platean of hard rocks, 
across Which the divide made little movement, The platean area 
that ite upper branches drain is, 1 think, the conquest of a later 
eyele of growth, The Delaware had little suceess, except as 
ég4inst certain eastern synelinal branches of the Anthracite, for 
the same reason, ‘The ancestor of the Swatara of to-day made 
hittle progress in extending ite headwaters becaase its point of 
atiack whe against the repeated Carboniferous sandstones in 
the Swatara synclinal. One early stream alone found a favorable 
opportunity for conquest, and thus grew to be the master river— 
the Susquehanna of to-day, The head of the Anthracite was 
carried away by this captor, and its beheaded lower portion 
remains inour Sehuyikill. The Anthracite coal basins, formerly 
drained by the single master stream, have since been apportioned 
to the surrounding nvers. As the Silore-Devonian lowlands were 
opened around the coal-busins, especially on the north and west, 
the atreame that formerly flowed into the basing were gradually 
inverted and flowed out of them, as they still do. The extent of 
the inversion seems to be in a general way proportionate to its 
opportunity, The most considerable conquests were made in the 
upper basins, where the Catawissa and Nescopen streams of to- 
day drain many square miles of wide valleys opened on the 
Manch Chunk red shale between the Pocono and Pottsville sand- 
stone riders 5 the ancient middle waters of the Anthracite here 
being inverted to the Suaquelianna tributaries, because the 
northern coal basing were degraded very slowly after the upper 
Anthracite had been diverted. The Schuylkill as the modern 
representative of the Anthracite retams only certain streams 
south of a medial divide between Neseopee and Blue mountains. 
The only considerable part of the old Anthracite river that still re- 
tains a course along the axis of asynelinal troagh seems to be that 
part which follows the Wyoming basin; none of the many other 
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coal basing are now occupied) by the large stream that originally 
followed them. The reason for this is manifestly to be found in 
the great depth ef the Wyoming basin, whereby the axial portion 
of ith hard sandstones are even now below baselevel, and hence 
have never yet acted to throw the river from its nxial course. 
Indeed, during the early cycles of denudation, this basin must 
have beer vhanged from u deep luke to a lacustrine plain. by the 
accmmnlation i itof waste from the corrounding highlands, and 
for « time the streams that entered it may have flowed in mean- 
dering courses across the ancient alluvial surface; the lacustrine 
and allovial comdition may have been temporarily revived at the 
time of the Jurassic elevation. It is perhaps as an inheritance 
from a course thus locally superimposed that we may come, to 
repird the deflection of the river at Nanticoke from the axis of 
the syuecline ty a narrow shale valley on ite northern side, before 
turning seuth again ond leaving the basin altogether, But like 
cortoin other sugeestions, this can only be regarded as an open 
hypothesis, to be tested by some bettor method of river analysis 
than we now possess; like severnl of the other explanations here 
offered, it is presented more asa possibility to bu discussed than 
asa conclusion to be secepterd. 

I beheve that it was doring the earher part of the great Jura- 
Cretactans cycle of denudation that the Susquelianna thus be- 
‘ame the master stream of the sentral district of the state. For 
the reat of the eyele, it-was occupied in carrying off the waste 
und reducing the surface to a well finished buselevel lowland that 
charucterized the end of Cretaceous time. From un active youth 
of eonquest, the Susquehanna sdvaneed into an old age of estab. 
lished boundaries ; and in later times, ite ares of drainage dows 
not seem to have been grently altered from that so ein tere 
defined ; execpt perhaps in the districts drained by the West 
and-North Branch head waters, 

4. ffomotapies of the Sunpiehonna and funiata.—Looking 
it the change from the Anthracite to the Surquchanna ina broad 
way, one may percelye that it is an effect of the same order ws 
the peripheral diversion of the Broad Top drainage, Wustrated in 
flurtires 22, 93 and 24: another example of a similar change is 
seen in the lateral diversion of the Jnniata above Lewistown 
nnd ite revitlinéar continuation in Aughwick ereek, from their 
origin) axial location when they formed the ttial Broad Top 
outlet, They hove departed from the axis of their syncline to 
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the softer bade on ite southern side; FE of fi, 17 has been 
diverted to FD of fig. 18. 

All of these examples are truly only special cases of tho one 
already described in which the Juniata left ite original syncline 
for others to the south, The general case may be stared in a few 
worls, Astram flowing along a¢yneline of hard bods (Carhon- 
iferous sandstones) developes side streams whieh breach the wdja- 
cent anticlines and open lowlands in the underlying softer beds 
(Devonian and Silurian), On these lowlands, the headwaters of 
side streams: from other aynelines are encountered and o contest 
enmues as Lo possession of the drainage territory, The divides 
ore pushed away from those healwoters whose lower course 
leads them over the fewest hard barriers ; this conquest goes on 
until the upper course of the initial main stream is diverted to a 
new and oaser path than the one it chose in ite vouth in obedience 
to the first deformation of the remon, Thus the Juniata now 
avoids the center and once deepext part of the old Browd Top 
lake, because in the general progress of erosion, lowlands on soft 
Devonian beds were opetied all artund the edge of the grrat 
mass of aatidetanes that held wie luke; the original drainage 
across the lake, from ite western alapas Lo ite outlet just south of 
the Jack’s mountain anticline, has gow taken an easier path along 
the Devonian beds to the west of the old lake basin, and is seen 
in the Little Juniata, flowing along the outer side of Terrace 
mooniain and rounding the northern avoelinal point where Terrace 
mountain jotns Sideling Ini It then crosses Jack's mountain ar 
a point where the hard Medina sandstones of the mountain were 
atill baried at the time of the choice of this channel, In the 
fame way, the drainage of the auhordinate busin, through whith 
the main lake disehorwed eastward, 6 now wot along the axis of 
the Jumista-Catawides ayneline, buton the softer Lede along one 
side of it; and along the southern side because the easier escape 
that was provided for it lay on than sido, namely, via, the Ti+ 
carora und Wiconiaen synelines, as already described. ‘The much 
broader change from the Anthracite to the Susquehanna was only 
another form of the same process. ‘Taking a transverse view of 
the whole system of central folda, it is percetved that their axes: 
deacend inte the Anthracite district from the east and rise west- 
ward therefrom ; it t¢ as if the whole region had reserved a alight 
transverse folding, and the transverse axis of depression thus 
formed defined the initial course of the first master stream, 
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But this master stream deserted its orivinal course on the trans- 
verse axis of depression bedause a lateral course aoross lowlands 
on softer beds was opened by its side streams ; and in the contest 
on these lowlands with an external stream, the Susquehanna, the 
opper portion of the Anthracite was diverted from the hurd rocks 
that had appeared on the transverse axis, The distance of 
diversion from the axiul to the lateral couree in this case was 
preat because of the gentle: qaality of the transverse folding ; or, 
better sald, because of the gentle dips of the axes of the longi- 
tudinal folds, This appearance of aysatematic re-arrangement in 
the several river courmes where none was expected is to my mind 
aetrong arguiment in favor of the originally consequent location 
of the rivers aud their later mutual adjustment, It may perhaps 
be conceived that antecedent streams might imitate one another 
roughly in the attitude that they prophetically chose with regard 
to folds subsequently formed, but no reason has been suggested 
for the imitation beritear carried to eo Temarkable and definite a 
depres as that here outlined, 

ao, Supeiraapoitivn of the Suagvehanna on two aynelinal 
ridges, —There is however one apparently venturesome postulate 
that may have heen already noted as such hy the reader; unless 
it can be rensotably accounted for and shown to bes maitural 
recuitof the long sequence of cbunges here considered, it will 
serinuely militate againet the validity of the whole argument. 
The present qourse of the middle Susquehanna leads it through 
‘the apical curves of two Pooong synelineal ridges, which were 
disregarded it the statement given above, Tt was then assomed 
that the caubrvoun Susyjuchsnna gained possession af the Silure 
Devonian howlanl drainage by gnawing Out a course to the weet 
OF theae sy mola! pointe ¢ for it ia not to le thonght of that any 
conquest of the healwatere of the Anthravite river could have 
Iwen mide by the Sasyuehuina if it liad hod to ynaw out the 
oxisting four traverses of the Pocono sandstones before security 
the drape of the lowlands above them. The backward pro 
uress of the Susquehanna could not in that case have-heen nearly 
Tast enoagh to reach the Anthracite before. the latter bad sunk 
ite thantiel te a safe depth, Itis therefore important to jostify 
tht assimption ae te the more westerly laration of the embryonic 
Susquehanna : and afterwards te explain. how in whould have 
dee then been transferred te ite present @ourse, A short out 
through all this round-about method is open to those whe adopt 


2d) National Geographie Magazine. 


in the beginning the theory that the Susquehanna was an antece- 
dent river; tot as T have said at the outset of this Inquiry, it 
seems to me that sneha method i# not freer from sasumption, 
even though shorter than the one here adopted; anid it haw the 
demerit of not considering all the eurtons details that follow the 
eoiinination of conseqitent and adjusted courses. 

The sofficient reason for the assumption that the embryonie 
Snaquehanna lay farther west than the preseot one in the neigh- 
borhood of the Pooons synelinals ie simply that—in the almenoe 
of any antecedent stream—it must have loin there. The whole 
explination of the development of the Biluro-Devonian lowlands 
between the Pocono and Medina ridges depends simply an their 
heing weathered out where the rocks are weak enough to waste 
faster than the enclosing hander ridges through which the streams 
esoape, In this process, the streams exercise no control whatever 
over the direction in which their headwaters shall grow ; they 
leave this entirely to the etructurm of the distriet that they drain. 
ft thne appears that, under the postelate as to the mitial loewtion 
of the Susquehanna as one of the many streams deseending the 
great slope wi the Kittatinny (Cumberland) highland into the 
Swatarn eyocline, its course being reversed from northward to 
eouthward by the Newark depressiin, we ure required to suppose 
that ite headwater (northward) erowth at the time of the Jurassic 
elevation most live been on the Salure-Devonian beds, ao a8 to 
avoid the harder rocks on either side, Many streams competed 
for the distinetion of becoming the master, and that one gained 
its ninbition whose initial location gave it the best subsequent 
opportunity. It remaive then to consider the means by which 
the course of the conquering Susquehanun may have been suhae- 
quently changed from the lowlands on to the two Pocone synelines 
that it now travers, Some departure from ite early location 
muy have been duo to eastward planation in its advanced age, 
when it had large volume and gentle slope and waa therefore 
swinging amd catting laterally in ite lower course. This may 
hove had a share in the result, bit there is another process that 
seeme LO ine more effective, 

In the Intter part of the Jura-OCretareous evele, the whole 
country hereabout suffered o moderate diprossion, by whieh the 
Atlantic transgressed many miles inland from ite former ehore- 
line, across the lowlands of erosion that had been developed on 
toe literal belt, Such o depression must have hada distinct effect 
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on the lower courses of the larger rivers, which having already 
eat their channels down close to baselevel and opened their 
valleys wide on the softer rocks, were then “estuaried,” or at 
least so far checked as to boild wide flood-plains over their lower 
stretohes: Indeed, the flood-plains may have been began st an 
earher date, and have been confirmed and extended in the later 
time of depression, Is it possible that in the latest stage of this 
process, the almost haselevelled remnants of Blue mountain and 
the Pocono ridges could have been buried under the flood-plain 
in the neighborhood of the river ? 

If this be admitted, it ia then natural for the river to depart 
from the line of Ita buried channel and cross the buried ridges on 
which it might settle down aa 4 superimposed river in the next 
evele of elevation. It ia difficult to decide such general questions 
as these > and it may be diffienit for the reader to gain much 
eonfidene: in the efficacy of the processes eugyested ; but there 
are certain features in the side streams of the Susquehanna that 
lend some color of probability to the explanation as offernd. 

Admit, for the moment, that the aged Susquehanna, in the later 
part of the Jura-Cretaceous cyele, did change its channel some- 
what by cutting to one side, or by planation, a4 it is called. 
Admit, also, that in the natural progress of its growth it had 
boilt o brond flood plain over the Siluro-Devonian lowlands, and 
that the depth of thie deposit waa increased by the fermation of 
an estuarine delta upon it when the country aank at the time of 
the md-Cretaceors transzression of the sea [Tt t= manifest that 
one of the consequences of all this might be the. peculiar course 
of the river that 1* to be explained, namely, ite superimposition 
on the two Pocone synclinal ridges in the next evele of its 
history, after the Tertiary elevation had given it oppartunity te 
rediseover them. [t remains to inguire what other oonsequences 
should follow from the same conditions, and from these to devise 
tests of the hypothests 

0. Evidence of auperimpoation in the Susquchouna tridute- 
riee—One of the peculiarities of flood: plained rivers is that the 
lateral stream «litt their poiit= of woion with the mat stream. 
farther and farther down the valley, ne Lombardini has shown in 
the case of the Po, Tf the Susquehanns were heavily tlood- 
plained at the close of the Jora(Cretaceous ovecle, some of tts 
trititaries should manifest sigs of this kind of defleetion from 
their structural eourses along the strike of the reeks, Side 
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eireams that ones joined the main stream on the line-of some of 
the softer northeast-southwest beds, lenving the stronger beds os 
faint hills on either side, must have forgotten such control after 
it was baselevelled and buried; as the flood plain grew, they 
properly took more aud more distinctly downward deflected 
equres, and these detlootions should be maintained in subsequent. 
cycles as superimposed courses independent of structural gnid- 
ance, Such [ believe to be the fact. The downstream deflection 
ia ao distinetly a peculiarity of a number of tributaries that join 
the Susquehanin on the west side (see figure 1) that it cannot be 
asoribudl to accident, but must be referrid to some systematic 
cume Exnnples of deflection are found in Penn's creek, Middle 
ertek and North Mahantanyo creek in Snyder county ; West 
Mahautango between the latter and Juniata county ; and in the 
Juniata and Little Janiata rivers of Perry county. On the other 
side of the Susquehanna, the examples are not so distinct, but the 
following may be mentioned: Delaware and Warrior roma, Chil- 
lisqaaque ercek and Litth: Shamokin ercek, all in Northumberland 
eounty, [timay Ie remarked that it does not seem impossible 
that the reason for the more distinct deflection of the western 
streams may be that the Susquehannus is ot present enet of ite old 
course, and hence towards the eastern margin of its flood plain, 
aa, indewd ite position on the Pooone synclinals implies, A reason 
for the tinal location of the supermmposed river on the eastern aide 
of the old flood plain may perhaps be found in the eastward tilting 
that is known to have accompanied the elevation of the Cretace- 
oud Liew Lonel, 

It follows from the foregoing that the present lower course of 
the Surquehanna must alee be of superimposed origin ; for the 
flowd plain of the middle course most have extended down stream 
to ite delta, and there have become contluent with the sheet of 
Crotaoeiiis sediments that eovered all the southeastern lowland, 
over which the sea hid transeressed, MeGew has already pointed 
out indications of snperimposed stream courses in the south- 
eastern part of the State ;* but lL amnot sure that he would regard 
them as of the date here referred to, 

The theory of the location of the Susquehanna on the Pocono 
avnclinal ridges therefore stands as follows, The general position 
of the river indicates that it has been located by some process of 
alow self-adjusting development and that it is not & persistent 

* Amer. Journ. Beienes, xxxv, 1585, 121, 14. 
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antecedent river; and yrt there is no reason to think that it could 
have bee brought inte tts present epecial position by any process 
of shifting divides, The processes that have been suggested to 
accnunt for ite special locatiin, aa departing slhtly from a lona- 
tion due to slow adjustments following an ancient consequent 
origin, call for the occurrence of certain additional peculiarities 
in the courses: of its tributary streams, entirely unforesewn and 
unnoticed mitil this point in the ing utry is reiched: and oa 
lagking at the map to eee if ther occur, they are found with 
perfect distinctness, The hypothesis. of superimposition may 
therefore ba regarded aa having advanced beyond the stage of 
mere suggestion and os having guined some degres of confirmation 
from the correlations that it detects andexplains, [1 only remmins 
toask if theee correlations might have originated in any other 
way, and if the answer te this is in the negative, the case may be 
looked upon as having o fair measure of evidence in ita fawor, 
The remaining consideration may be thken up at otee oa the firet 
point to be examined im the Tertiary cyele of development. 

a7. Jventa of the Tertiary cycle.—The elevation given to the 
region by which Cretaceous baselevelling wax terminated, and 
whieh I have ealled the carly Tertiary elevation, offered oppor 
tunity for the etrenms to decpen their channels onee more. In 
doing =, certain adjustments of moderate amount occurred, 
which will be sodn examined, As time went on, much denudation 
wae effected, bat no wide-spread haselevelling was reached, for 
the Cretavequa erest lines of the hord sandstone ridires atill exist, 
The Tertiary cvelo was on incomplete one, At ite close, lowlands 
had been opened only on the weaker rocks bétween the hard beds. 
Is it not possibile that the flood-plaining of the Susquehanna and 
the down-stream deflection of im: branches took place in the 
cloeing stages of this eyele, instead of at the end. of the previous 
evele? If so, the deflection might appear.on the branches, but 
the main river would mot he transferred to the Pocono ridges, 
This question may be eafely answered in the negative ; for the 
Tertiary lowland is by no means well enough haselevelled to 
permit such anevent. The bela of intermediate resistance, the 
Oriskany and certain Chemung sandstones, had not been worn 
down to baselevel ot the close of the Tertiary cycle; they had 
indeed lost much of the height that they possessed at the close of 
the previous cyele, but they hind not been reduced as low sa the 
softer beds on either side, They were only reduced to rides of 
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moderate and unequal heivht over the general plain of the Silurv- 
Devonian low country, without great strength of relief! but quite 
strong enough to call for obedience from the streams along side 
of them, And vet near Selin’s Grove, for example, in Snyder 
comnty, Penn's and Minidlg creeks depart moat distinctly from 
the strike of the local rocks as they near the Susquehunna, and 
traverse certain well-marked ridges on their way to the main 
river, Such aberrant steeuns oannet be regarded aa wuperunposed 
at the clos of the incomplete ‘lertiary cyele; they cannot be 
explained by any process of spontaneous adjustment vet described, 
nor can they he regarded aa vaatly anment stream of antocecent 
courses; Tam therefore much tempted to consider them ma of 
superimposed origit, inheriting their present courses from the 
floodplain cover of the Susquehanna in the latest stage of the 
Juradiretaceons cycle, With this tentative conclusion in mind 
a6 to the final events of Jura-Cretaceous time, we may take up 
the more deliberate consideration of the work of the Tertiary 
cyole. 

The chief work of the Terbary cycle wad merely the opening 
of the valley lowlands; little opportunity for river adjustment 
wcenrmred except on small seale, ‘The most evident cases of 
adjustment have resulted in the change of wuter-gaps into wind- 
gaps, of which several examples can bw given, the one best known 
being the Delaware wind-gap between the Lehigh ond Delaware 
water-gaps it) Blue mountain. The wind-gap marks the unfinished 
notch of somy strtam that once crossed the ridge here and whose 
headwaters have emey then been diverted, probably to the Lehigh. 
The difficulty in the case ie-not ot afl bow the stream that once 
flowed here was diverted. hut bow a stream that could be diverted 
in the Tertiary evele etuld have eseaped diversion at some earlier 
date, ‘The relative rarity of wind-gaps indicates that nearly all af 
the initial lateral streams, which may have crosed the ridges at an 
early epoch inthe history of the rivers, have been beheaded in some 
evele earlier than the Tertiary and their gaps thereafter obliterated, 
Why the Delaware winid-gap stream should have endured into a 
later evele does tot at present appear. Other wind-gape of appar- 
ently similar origin may be found in Blue mountain west of the 
Schuylkill and east of the Susquehanna, It is noteworthy that 
if any amall streams still persevere in their gaps across a 
ridge, they are not very close to any large river-gap; henee it is 
only at the very headwaters of Conedogwinet creek, in the 
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nerthern part of Franklin county, that any water ia still drawn 
from the back of Blue mountain, Again, theae small stream gape 
do not lie between large rver-gaps ood wind-gaps, but wind-pape 
lie betweon the gaps of Inte rivers and those of small streams 
that are not yet diverted. Excellent Wlusteation of this is found 
on the * Piedmont sheet " of the eontonred maps issued hy the 
United States Geological Survey. The sheet covers part of 
Maryland and West Virginia, near where the North Branch of 
the Potomac comes out of the plateau and crosses New Creek 
mountain, Eleven miler south af the Potumac gap there is a 
feep wind-gap; but further on, at twenty, twenty-five and 
twenty-nine miles from the river-gap are three finn water-gapes 
arcane by small streums, This example merely shows how 
many important points in the history of oar rivers will be made 
clear when the country le properly portrayed on contoured munqre, 

A fow lines may he given to the general abuwnee of gape in 
Blue Mountain in Pennsylvania. When the initial consequent 
drainage was established, many streams must have been located 
on the northward slope of the great Cumberland highland, C, 0, 
fig, 21; they must have qullied the slope to great depths and 
carried away great volumes of the weak Cambrian beds that lay 
deep within the hard outer casings of the mass, Minor aljust- 
ments served ta diminish the timber of these «treams, but the 
more effective couse of their present rarity lavin the natural aclow- 
tion of certain of them to become larce atrenme = the emaller ones 
were generally beheaded hy these, The only examples of streams 
that stl crore this ridge with their intial Permian direction of 
flow to the nserthweet are found to two southern branches of 
Tuscarora creek at the southern point of Janinta county; and 
thee survive because of their obscure location among the many 
Medina ridges of that district, where they were not easily poces- 
witolaer te capture by other streams 

58. Tertiary adjwitment of the stiniete on the Medina anti- 
cHines —The lower course of the Joniate presents eeveral examples 
of adjustment referable to the last part of the Juru-Cretaceous 
evele and to the Tertiary eyele, The explanation offered for the 
escape Of this river from its imtial avncline did not show any 
reason for tts peculiar position with respect to the several Medina 
anticlines that it now borders, beeause at the time when it waa 
led serese country to the Wiconisco -svocline, the hard Medina 
beds of these anticlines were not discovered. It is therefore 
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hardy to heothought that the liention of the Juniata in the 
Narrows below Lewistown between Blue Ridge and Shade moun- 
tain und its avoidanee of Tosearora motintain “ould havé been 
defined at that early date. But all these Medina anticlines tise 
mord or lesa abowe the Cretaceous baselevel, and must have had 
come effect on the position taken by the river about the middle 
of that eyole when its channel sank upon them, Blue Ridge and 
Black Log anticliner rie» highest, ‘The first location of the uross- 
comitry stream that led the early Juniata away from its jnitial 
syncline probably traversed the Blue Ridyve and Black Low anti- 
elines while they were vet buried ; but ire chunnel-eatting was 
much retarded on eneountering them, and some branch atream 
working around from the lower side of the obstrustions may have 
diverted the river'to aneasier path, The onle path of ‘the kind 
is the narrow one between the overlapping anticlines of Blue 
Ridge and Shade mountains, amd there the Juniata now flows, 
Tf another elevation should aoeurin the fatare, it mich? happen 
that the dow deepening of the channel in the hard Medina beds 
whies now floor the Narrows would allow Middle creek of Snyder 
eonnty to tip the Juoniata at Lewistown and lead it hy direct 
course past Middlebureh to the Sumquehanna; thus it would 
return to the path of ite youth. | 

The location of the Juniata at the end of Tusearora mountain 
if ayain so definite thar it can hardly be referred to in the when 
the mountain had not been revealed, ‘lhe most likely position of 
the original cross-conntry stream, which brought the Juniata into 
the Wiconises avicline was somewhere on the line of the exialingr 
Mountain, aid tswuming it to have been there, we must qlieition 
how it has been displaced. The process seein to have been of 
the sume kind as that just viven: the returdation of channel: 
cutting in the late Cretaceous ovele, when the Melina beds af 
‘Tosoarorn anticline were discovered, allowed a teanch from thie 
lower part of the river to work around the end of the mountain 
and lead the river out that way, The decurrence of a shallow 
depression across the summit of the otherwise remarkably even 
creat of Tusearora mountain sugmests that this diversion was not 
filly accomplished until shortly after the ‘Tertiary elowation of 
the Country | but at whatever date the wdjaatment mired, it is 
natural that it ¢hould pass around the eastern end of the mountain 
and not sround the western end, where the course would have 
been much longer, and therefore not successfully to be taken by 
a diverting stream. 
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While the quality of these processes appears satisfactory, T om 
net satisfied as to the sufficiency of their quantity. LF diversion 
was snoveasfully practiond at the crowing of the Tuscarora anti- 
tline, why not alas at the crossing of Jack's mountain onticline, 
on which the river still perseveres, It is dificult here to decide 
how much vontidenes may be placed in the explanation, because 
of ite giving reason for the location of certain ‘streams, and bow 
mach donbt must he mast open it, becanse it seems impossible and 
in not of universal application. 

a0. Migration af the Athantic- Ohio divide.—There are certain 
shifted courses which cannot be definitely referred to any particn- 
lor eyele, and whieh inay therefore be mentioned now, Among 
the greatest are those by which the divide between the Atlantic 
aid the Ohie streams hos been changed from ita initial position on 
the yreat constructional Nittany highland and Bedford range. 
Therv was. probably no significant change until after Newark 
depression, for the branches of the Anthracite river could not 
bave began to push the divide westward tll after the eastward 
flow of the river was determined ; until then, there does not seem 
to have been any marked advantage possessed by the eastward 
streams over the westward. Got with the eastward escape of 
the Anthracite, it probably fouted a shorter course te the sea and 
ete that led it over alternately soft and hard rocks, instead of 
the longer course followed by the Ohio streams over continuous 
candstones, ‘The advantage piven by the yreater extent of soft 
beds is indicated by the great breadth of the existing valleys: in 
the contral district compared with the less breadth of those in the 
platean to the weet, Consider the effect of this wlvantage at the 
time of the Jurassic elevation. As the streams on the eastern 
slope of the Nittany divide had the shortest and steepest courses 
to the sea, they deepened their valleys faster than those on the 
west and acquired dramage area from them; henee we find 
reason for the drainage of the entire Nittany and Ledford distret 
by the Atlantic streama at present. Various branches of what are 
now the Alleghany ond Monongahela originally rose on the 
western slope of the dividing range. These probably reached 
much farther cast in pre-Permian time, but had thetr headwaters 
turied another way by the growth of the great anticlinal divide; 
but the emailer anticlives of Laurel ridge and Negro mountain 
farther west do not seem to hove been strong enough to form a 
divide, for the mivers still traverse them. Now as the headwaters 


te 


o45 Nitional Geographio Magazine, 


Of the Jiniatn breached the eastern slope of the Nittany-Bedforil 
range and pushed the divide westward, they at lust gained jure 
session of the Siluro-Devoninn moneline on its western Bliopee : 
but beyond this it hns not been possibly for them vel to gn, As 
the aireams cut down deeper and encoimtered the Medina anti- 
cline near the core of the ridge, they sawed a paseage througli it ; 
the Cambrian beds were discovered below and a valley was 
opened an them as the Medina cover wore awa. The mast 
important point wbeut this is that we find in it an adequate 
explanation of the oppwite location of water gape in pairs, such 
as charscterite the branches of the Juninta below Tyrone and 
tgain below Bedford. This opposite location has heen held to 
indicate an antecedent origin of the tiver that [Rasim through the 
gaps, while gape formed by self-developed streams are not 
thought to present #uich correspondence (Hilber). Yer this 

special case of paired gaps in the opposite walle of a breached 
antichne is manifestly a direct sequence of the development of 
the Juniata headwaters, The settling down of the main Juniata 
on Jack's mountain anticline below Huntingdon jie another case 
of the same kind, in whieh the relatively low anticlinal orest is as 
yet not widely breached ; the gaps below Bedford stand apart, as 
the erest is there higher, and hence wider opened ; and the gape 
below Tyrone are separated by-some ten or twelve miles, 

When the headwater streams captured the drainage of the 
Silure-Devonian monocling on the western side of the ancient 
dividing anticline, they developed subsequent rectangular branches 
growing like a well-trained grape vine, Most of this valley bas 
been acquired by the west branch of the Susquehanna, prohably 
becatise it traversed the Medina beds less often than the Juniata. 
For the same reason, it may be, the West Branch has captured a 
considerable area of plateau drainage that must have once 
belonged to the Ohio, while the Juninta has none of it ; but if an, 
the capture must have been before the Tertiary evele, for since 
that time the ability of the West Branch and of the Juniata us 
regards such capture appears about alike. On the other hand, 
Castleman's river, a branch of the Monongahela, still retaima the 
drainage of a small bit of the Siluro-Devonian monoclina, at the 
southern border of the State, where the Juniatw headwaters had 
the Jenst opportunity to capture it; but the change here is 
probably only retarded, not prevented entirely ; the Juniata will 
Wome day push the divide even here back to the Alleghany Front, 
the frontal blud? of the plateau, 
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40. Other eeamples of adjustoents,—Other exninplea of small 
adjustments are found around the Wyoming basin, fig. 24. 





Fig. Ph 


Oriyinally all these #treame ran centripetally down the enclosing 
slopes, and in auch location# they must have oot gullies and 
breaches in the hard Carboniferous beds and opened low back 
country on the weaker Devontans, Some of the existing streams 
still do #o,and these are precisely the onew that are not easily 
reached by divertors, ‘The Stsquehanna ii its course outside of 
the basin has sent out branches that have beheaded all the centri- 
petal streamer within reach; where the same river enters thy 
basin, the centripetal streams have heen shortened if not som- 
pletely hehended, A branch of the Delawure has captured the 
heads of some of the streams near the enstern end of the basin. 
Elsuwhere, the centripetal streams still exist of good length. 
The contrast between the persistence of some of the centripetal 
streams here and their peripheral diversion arcand Broad Top ia 
a consequence of the difference of altitude of the old lake hottoms 
in the two cases, [tia notte be donbted that we shall become 
aoquainted with many examples of this kind as our intimacy with 
rivers Increases, 

41. Events of the Quaternary eyele.—The brief quaternary 
cycle does not offer many examples of the kind that we have 
considered, and all that are found ore of small dimensions, The 
only capturing stream that neal be mentioned bsa lately bean 
described as a “river pirate :”* but its conquest is only a Schles- 

* Soience, xiii, 1889, 108; 
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wig-Holstein affair compared to the Goth- and Hun-like depreda- 
hiona of the greater streams in earlier cycles, 

The charactor of the strenms and their valleys ae they now 
exist in strikingly dependent in. many ways on the relation of the 
incipient quaternary eyele to the longer evyeles of the past. No 
lakes oncur, exception being made only of the relatively emall 
ponds doe to drift obstruction within the glaciated area. Woater- 
falls are found only at the headwaters of small streams im the 
plateau district, exception again being made only for certain cases 
of larger streams that have been thrown from their pre-glacial 
courses by drift harriers, and which are now in s very immature 
state on their new lines of flow, The «mall valleys of this evele 
are shallow and narrow, always of o size strictly proportional to 
the Volume of the stream and tha hardness of the enclosing rocks, 
exception being made only in the case of post-glacial gorges 
whose streams have been displaced from their pre-glacial channels. 
The terraces that are seen, eepecialfy on the streams that flow in 
or from the glaciated district, are merely a temporary and subor- 
dinate complication of the general development of the valleys. 
In the region that has been here considered, the streams have 
beon seldom much-displaced from their pre-glacial channels ; but 
in the northwestern part of the State, where the drift in the 
valleya seems to be heavier, more serious disturbance of pre- 
glacial courses tm reported. ‘The facts here referred to in regard 
ty lakes, falle, gorges, terraces and displaced Streams ure to be 
found in the various volumes of the Second Geological Survey of 
the State ;* in regard to the terraces and the estuarine deflections 
of the Deluware and Susquehanna, reference should be made alsy 
to MetGtee's studies.+ 

42. Liudtpl casern.—It is hardly necessary to atate that there 
are many fete for which ne satisfactory explanation is found 
under the theory of adjustments that we have been considering, 
Some will certainly include the location of the Susquchinns on 
the points of the Poonno synclines under this category ; all moat 
feel that such 4 location savors of an atitecedent origin. The 
same if true of the examples of the alignment of water-gaps 
found on certain streams; for example, the four paps cut in the 


* Especially Carl, Reports L, L; White, Reports G,, G.; Lewis; 
Report Z. 

{ Ammer. Journ. Science, xxxv, 1888, U67,-445:> Seventh Annual Rep. 
UT. 8. GS. 168, 4, 
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two pairs of Pocono and Potteville outerops at the west end of 
tht Wyoming syncline, and the three gaps where the Little 
Schuylkill orvsses the coal basin at Tamaqua; the opposite gape 
in pairs at Twrone ond Bedford have already been sufficiently 
explained, The location of the upper North Branch of the Sus- 
quehaona i# also unrelated to processes of adjustment aa far a4 I 
can see them, and the great rea of plateau drainage that is now 
porsessed by the West Branch w certainly difficult to understand 
as the resalt of comyoest, ‘The two independent zapa in Tussey’s 
mountain, maintained by the Juniata and its Frankstown branch 
helow ‘Tyrone are curious, especially in view of the apparent 
diversion of the branch to the main atream on the apper side of 
Warriors tidge (Oriskany), just east of Tussey'’s mountain, 

44. Complicated Aiatory of our actual rivera—tIf this theory 
of the bistery of our rivers ia correct, it follows that any one 
river as it now exists i of so complicated an origin that ite 
development cannot become »z matter of general study and ovnet 
unhappily remain only a subject for special investigation for 
some time to come, Lt was my hope on beginning this essay to 
tind some teachahle sequence of facts that would serve to relieve 
the usual routine of statistical and deseriptive geography, but 
this is not the result that has been attained. The history of the 
Susquehanna, the Juniata, or the Schuylkill, is too involved with 
complex changes, if not enshrouded in mystery, to become intel- 
ligitle tu ang but advanced students, only the simplest cases of 
river development can be intruduced into the usrrow limits of 
ordinary instraction The single course of an aneient stream is 
now broken into averal independent parts; witness the disjaint- 
Ing and diversion of the original Juniata, which, as T have sup- 
ported, once extended from Broad Top lake to the Cotawtesa basin, 
Now the tipper part of the stream, representing the early Broad 
Top outlet, is reduced to small volume in Aughwick creek ; the 
centinuntion of the strep te Lewistown ia first set to one side of 
its original axial locution and is then diverted to anuther aynctine ; 
the beheaded partion now represented by Middle creek is diverted 
from its courte: to the Catawitsn basin by the Susquehanna ; 
pirluips the Catewisss of the praesent day represents the reversed 
course Of the jower Juninta where it joined the Anthrucite. 
This unverviceably complicated statement if not much simplitied 
if instead of beginning with an original strenm and searching out 
its present disjouited parts, we trace the composition of a single 
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existing etreani from ite once independent parts, The Juniata of 
today consists of hegdwaters acquired fron Ohio streams; the 
Inke m which the river once oathered its apper branches in now 
drained tid the Inke bottom has become a mountain top; the 
atronms tow aremid the marvin of the lake, not across ite basin: 
a2 short course towards Lowrtown nearly coincides with the 
oninal location of the stream, but to confound this witha precise 
agTeement is to lose the true significance of river history ; the 
lower cuuree ir the product of diversion at least at two epochs 
and certainty in several places; and where the river now jorme 
the Susquehanna, it is suspected of having a superimposed course 
unlike any of the rest of the stream, This is teo complicated, 
even Lf it should ever be demonstrated to be wholly true, to serve 
a5 tminterial for ordinary study > bat aa long as it hos o savor of 
truth, and ae long ae we are ignorant of the whole history of our 
rivers, through which aione ther present features can be right- 
fully understood, we must continue to search after the natural 
processes of them development as carefully and thoroughly os 
the biologist searches for the inks missing from his scheme of 
classification. 

44. Provisonel Coneluson.—It is in view of these doubts and 
complications that T feel that the history of Gur rivers if not vet 
settled; but yet the numerous secordances of actual and deduc- 
tive looations appear su defiuite and in some cases so remarkable 
that they cannot be neglected, ws they must be if we should 
there to the antecedent origin of the river courses, 

The method adopted on an ewrly page therefore seems to be 
justified, The provisional system of ancient consequent dramage, 
Uluetrated on fig. 21, does appearto be sufficiently related to the 
streams of to-day to warrant the belief that most of our rivers 
took their firet courses between the primitive folde of oar moun- 
tanis, anil that from that distan) tone te the present the changes 
ther have suffered are due to their own interaction—to their own 
mutnnl adjustment more than to anv other eonse, The Susqne- 
hanna, Schuvlkill, Lehigh ond Delaware are compound, composite 
and highly complex rivers, of ropented muture mljnatment. The 
middle Susqitehanna aod its branches and the upper portions of 
the Schovlkall and Lebigh are descendants of ongmal Permian 
rivers consequent on the constructional topography of that time ; 
Newark depression reversed the tlow of some of the transverse 
atreaius, and the spontaneous changes of adjustments from imma- 
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ture to mature courses in the several eveles of development are 
so numero and extetisive that, as Lawl truly says, the initial 
drainage hos almost disappeared. The larger westward-fowing 
atreama of the plateau are of earlier, Carboniferous birth, and 
have suffered littl: snhaequent change beyond a logs of head- 
waters. The lower courses of the Atlantic rivers are younger, 
having been much shifted from their Permian or pre-Permian 
courses by Newark and Crotaceous superimposition, aa well as by 
recent downward deformation of the surface in their existing esta- 
aries, No recognizable remnant of rivers antecedent to the Per- 
mian deformation are found in the central part of the State; and 
with the exeeption.of parts of the upper Schoylkill and of the Sua- 
quehanna near Wilkes-Barre, there are no large survivors of Per- 
Mian consequent streams in the ordinary meaning of the term 
“conmequent.” The shiftiog of courses in the progress of mature 
adjustment has had more to do with determining the actual loca- 
tion of our rivers and atreams than any other process, 
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TOPOGRAPHIC MODELS. 


By Comtos MINtRLEFF. 

Or the many methods by which it has been sought to represent 
the relief of a country or district, only two have been at all widely 
uged. These methods are, in the order of their development, by 
hachured and by contoured maps. Both have advantages and 
both have serigus disndvantages, Without entering inte the 
controversy that seven yet raging over the relative merits of 
the two systems, some slight notice of what ench claims to 
accomplish i necessary. 

The representation of relief by bachuresis a graphic system, 
and in the best examples we have is an attempt to show, upon a 
plane surface, the actual appearance of a given ares under given 
conditions of highting,—as in the Dufour map of the Alps. Of 
courses certain details that would really disappear if the assumed 
conditions were actual ones, must be shown upon the HA j),—s49 
that it is, after all, but a conventional representation, The very 
best oxnrples are, for this and other reasons, unsatisfactory, and 
far more so is this the casein the vastly larger class of medium 
grade and poor work. 

The contour system representa relier byon series of lines, each 
of which tm, at every point throughout tte length, at @ certain 
stated elevation above sea-level, or some other datum-plane ; in 
other words, each contour line represents what would be the 
water's edge, if the ata were to rise to that elevation. Th pis 
severed the advantage of great cleurnee, but foils toa large degree 
nt the representation of surface detail; moreover, one must have 
considerable knowledge of topography, tn order to read the imap 
correctiv.* 

To these who must give first place to the quantity of relief 
rather than the quality, os, for exmmple, the geologist or the 
engineer, a contoured map is now considered expential On the 
other baad, where quality of relief 1 the prime consideration 
and the quantity a secondary one, a3, for example, for the ase of 
the army, a hachurid map is considered the best. The method 

*For-upecimens of repreientation of the-same subject on different 
scales. in both the hachure and contour systems, see plate frown“ Funth- 
offers Topographical Atlas.” 
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of hachures may be roughly characterised as n graphic system 
with o conventivnil element, aid the contour method as o oon- 
ventional syetem with a graphic element —for if the contour 
interval is small enongh o sort of shading is produced which 
heipa considerably the idea of relief. 

[n uddition to these two great systems, with which everyone is 
more or less familiar, there i another method of representing a 
OOUnTrY OTF district,—a method that suceesds where others fail, 
aml which although by no means new, has net recwived the attan- 
tion it deserves: this is the representation of a country by a 
model in reef. Certuin etriking advantages of models over 
mapa of all kinds are, indeed, so apparent that one almost loses 
right of such slight disadvantages as oan, of course; be urged 
against them, In the graphic representation of the surface they 
are far superior to the hachurel map, and they have the further 
wivantege of expressing the relative relief, which the hachured 
map fails to do, excupt in w very general way, ‘They have also 
the advantage of showing actual shadows, exactly as they would 
be seen ina bird's-eye view of the district, instead of more.or 
les conventional ones, and are, conaeguently, more easily com- 
prehended by the layman, without becoming any less valuable to 
the skilled topographer, In short, they comb ne all the graphic 
features of u hochutid map with all the sdvantages of the beat 
Wass of contoured maps, and in addition they show more of the 
«urface detail, apon which so much of the character of the 
country depends and whieh is very inadequately expressed by 
hachures and almost completely ignored in p contoured map of 
large interval. The contour themselves can be made to appear 
upon the model very easily and without interfering with other 
features, 

The uses of models ave many and various, Within the past 
few vears their usefulness has been minch extended, and, now 
that they ure becoming better known, will probably receive 
sul further extension, To the geologist they are often of great 
value im-working owt the strocture of complicated districts, for 
the reason that so many important structural relations can be 
presented to the eye at a single glance, Similurly, for the 
graphic preaentation of results there i to better method, as the 
topography, the surface geology, aud any number of seetions 
can be shown together and seen in their proper relationship, To 
the engineer an accurate model is often of the greatest assistance 
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in working out his problema, and it is simply invaluable to ex- 
plain the details of a plan to anyone who has littl or no tech. 
tical training ; for, us has been stated, a model is casily compre- 
hended by anyone, while more or less technical kuowledge is 
required for the proper understanding of even the best maps. 

T might go on cataloguing in detai! the many uses to which 
models may be put, but shal! now mention only one more—per- 
haps the most important of all—their wee in the education of the 
young. No method has yet been dovised that is capable of 
giving #0 clear and accurate 4 conception of the principles. of 
physival geopraphy as a series of well selected modele; models 
have, indeed, already been used for thie purpose, but onfer- 
tunately their great cost haa prevented their general use in 
schools, Since, however, the study of geography bas beon placed 
upon new basie and a new life hus been infused into if, TmAny 
men have given their attention to the subject of models, and have 
experimented with a view to cheapen the coat of reproduction, 
which has hitherte prevented their wide distribution; and prob. 
ably this objection will soon be remedied. “The abilit y Wo read a 
map correctiy,—to obtain from a study of the map a clear con- 
ception of the country represented,—is more uncommon than is 
usually supposed, Some of the recent methods of teaching 
geography are intended to cultivate thiw very faculty, but it is 
doubtful whether there is any better method than that which 
consists in the study of a series of good models in conjunction 
with a series of maps, all on the same scale and of the same 
areaé. “The value of a sertes of good models in teaching geology 
i@ ap apparent that it need only be mentioned, It is-often, for 
reasons stated above, far more vyalaable even, than feld instroc- 
Lian, 

For the constreetion of a good relief map the first requisite is 
a yood contoured map, To this shonld be added, when possible, 
a good hachored map, upon which the elevations of the principal 
pointe are stated,—if the interval in the contoured may i4 a large 
one—onid a’ much material ii the way of photographs and 
sketches as it is posabie ty procure, The modeler should, more 
over, have some personal acquaintance with the region to be 
represented, or, failing that, a general knowledge of topographic 
forms, and at least a clear conception of the weneral character of 
the country which he seeke to represent, ‘This is very important, 
for it is bere that many modelers fail: the mechanical portion of 
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the work any ordinarily intellizent person can do, A model may 
he us accurate as the map from which it is made, every contour 
may bu placed exactly where it belongs, and yet the resulting 
model may be,—indeed, often is—* flat,” expressionless, ond tn- 
satisfactory. Every topographer in drawing bis map is compelled 
to genéralize more or less, and it is fortunate for the map if this 
be done in the field instead of in the draugttsman’s office, But 
toparraphers differ among themeclyes:; there may be, and often 
ia, considerable difercneo in two mage of the same region made 
by different men; in other words, the “ personal equation” is a 
larger dlenment in a map than is usually supposed. This being 
the cove, there te something more required in a modeler than the 
mere transferring of the matter in the map—giving it three 
dimensions instead of two: he must supply tLirough hia specinl 
knowledge of the regidn (or, failing that through his general 
knowledge) oertain characteristics that do not appear upon the 
map, am] wedo, so far as it i necessary, certain genuralizations of 
the topayrapher and dronghtsman. This artistic or techmeal 
skill required correctly to represent the fadividuality of a given 
district = expecially important in the modeler; it is more impor- 
tant, perhaps, in small-scale maps of large districts than m large- 
dole mapa of ermal] ones,—for in the latter the generalizing pro- 
cess has not been carried a9 far, and the smaller interval of the 
content lines preserves much of the detail, 

The methods by whieh reliof maps ore made have always re- 
cerrid more attention than would, at first #ight, appear to be 
their proper proportion. ft may he due, however, to the diffienlty 
Of applying any test te determine the necoracy of the finished 
model, and perhaps alko to the genernl impression that any one 
ran make a rele? map,—and «o he oan, though of course there 
wll he a wie difference in the value of the ristiilta Stone, 
indeed], have devote! their attention to methods oxclusively, 
letting the result take vare of itvelfj—and the models show it, 
There js ne more reweon why a medelor should tic himself down 
odin nethiwl of werk, than that a water-colurist, or a chemist, 
orainvene wigaged ino tavhnienl work, should diy so: Bhouph in 
come cites he might be required, aa the chemist is, to show him 
methods a= well a= his resnalts, 

One of the earliest methods, with any pretension to what we 
may term mechanical control, is that dearrmbod by the Messrs. 
Harden in a paper on The constroction of mape in relief,” read 
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before the American Institute of Mining Engineers im 1587, 
The method wae published in 1638. Upon a contoured map ms a 
basis croes-section lines are drawn at emall and regalar intervals, 
and, if the topography be intricate, corresponding lines at right. 
angles, The sections thus secured are transferred to thin stripe of 
some suitable material, such as cardboard or metal, and cut down 
to the surface line—the stripe themselves thus forming the cross- 
sections. These cries-rections are tocunted upona suitable base- 
board, and the cavities of boxes are then filled up with some 
easily corved material, such om plaster or wax, The top is then 
carved down to the form of the country or distriot,—tho neces- 
sary guidance being obtainod by the upper edges of the stripe 
that form the cross-sections. Tt will bo readily seen that this 
method jaa very crude and laboriwas one, It necessitates in the 
first place a good contoured map upon which to draw the seetions, 
but sacrifices much of the advantage thus gained because only a 
mimber of points on each contour hoe are used, instead of the 
entire line, It is the better, althouch actuglly more laborious, 
than the later method of driving contour pins (whose height 
above a baseboard mar be accurately measured.) along the 
contour linek, and then filling in. A slight modification of the 
latter method can be used to advantage when no contoured map 
is available, and when thy pointa whose glevation ts known are 
not numerous enough to permit the construction of one. In this 
case the only control that can be secured is hy means of o num- 
ber of pins driven into the base-board at those points whose 
elevation ia knowns, The remainder of the map is then eketched 
in, ‘This methiwl is puirhaps ae satisfactory as any, when the 
material open the map is aranty. Another method, however, 
growing out of the same seantitiess of material, ik in some coses 
tobe preferred, espociniiy for large models. The map is enlarged 
to the required sine, And & tracing of it i mounted opon i frame. 
Another: deep frame, just large enough to contain the mounted 
tracing, is made, and laid open a autiatle bace-hoand upon whick a 
copy of the map has been mounted. Upon this base-board the 
model ia then commenced, in clay or wax, The low areas ore 
inodeled first.—berizuntal contre! heing obtained by pricking 
through the mounted tracing of the map with o roeseead Lie pent, 
and vertical control by mensoring down from oa straight edge 
aiding on the top of the deep frame. This swatem is rather 
ornae, and ouly useful where the material wpon the map is very 
keanty, but it gives excellent eontrol, 
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A miethod used by Mr. FL H. King in the preporation of his 
large taap of the United States is deseribed by him in a letter to 
Messrs. Harden, and published by them in the place mentioned. 
A solid block of plaster 1 navi, —thie comlomprid ATEEh |e lite tra 
ferred to tt—and the plaster @ carved down ty produce a series 
of atepe tke thowe made by building ap the contours, The 
ehoulders are then carved down to produce o continuous surface 
This method ie one of the best af thowe that requuv carving 
instead of modeling: 

Many other methods of produecme relief maps might be mwen- 
tiated, but, us most of them have been used only to make ayecial 
models, they need not be deseribed. The method that has been 
mire wavd than anv other still retains to be described, It is that 
which the writer has weed almost exclurively, and consista in 
lanaiding ap the model and modeling the detail, instead of carv- 
ing it Itisa maxim of the modeler that the subject should be 
built op os far as posible, should be produced by adding bits af 
clay or wax, or dther material, and not by carving away what is 
ahready onj—by addition and not by eubtraction, This may he 
illustrated by a reference to tle methods of the aeulptor. The 
bust, ur figure, or whatever the aubjeet may be, i first modeled 
in claw or wax; from chie model o ploster mould is made, and 
from thia mould a pinaster mm@tistiken, This east je onlled the 
onginal, and the finished production, whether in marble, bronze, 
arany other hard sobstance, is simply a copy of this original. 
No one ever attempts to produce the fintshed bust or figure 
directly from the object itself, Even where the artist hasfor 
a citde a death mask, the procedure does not change, The bust 
i¢ first made in clay, and this clay model, as a rule, contains all 
the detail which subsequently appears in the finished bust It 
awemes strange, therefore, that the relhef map maker should se o 
inethod whieh the seulptor, with infinitely more skill and judg: 
ment, is afraid to aso; ind this on sabjects that do not differ as 
much as might be tmagind. 

The contour interval to ba used depends on the use to which 
the model is to be put [tis not always-nesessary to carry into 
the model all the contour lines upon the map: I may go further 
ond say that it ia not alwaye desirable to do so. The number to 
te ued depends to some extent on the skill of the modeler, As 
siready stated, the contours are only a means of control, and one 
modeler requires more than another, To build into a model every 
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eontour ina contoured map of ten foot interval th a very labori- 
ouk proceading, and not worth the time if taket, as in nine out of 
ten mapa of such interval onlv the fifty-foot or the one hundred- 
foot curves are definitely fixed, the intermedinte fines being 
merely filled in. ‘This filling in can be done as well, or better, by 
the modeler. 

The question as to the proper amount of oxaggeration to be 
given the vertical seale, as compared with the horizontal, i the 
question about which bas raged most of the controversy con- 
nected with relief map making. ‘This controversy has been 
rather bitter; some of the opponenta af vertical exaggeration 
going to the length of saving that no exaggeration it necessary, 
and that “he that will distort or exaggerate the scale of anything 
will He” On the other hand the great majority of those who 
have made relicf maps isist open the necessity of more or less 
exaggeration of the vertical acale—generally more than sewms Lo 
thie necessary, however, 

An increase of angle of slope accompanies all vertical exagger- 
ation, and: this i apparent even im modele in which the vertical 
element is only very elichtly exaggerated. It produces a false 
effect by dimimshing the proportionate width of the valleys, and 
by making the country seem mach more rugged and mountainous 
than it really is. A secondary effect isto make the region rep- 
resented look very emall—all idea of the extent of the country 
being leat. Thit cun be Ulostrated better than described. The 
King model of the United States is an example of one extreme ; 
it ia worthy of note that oo examples of the other extreme—too 
little exagreration—are known. 

In emall-sonle models of large districta some exaggeration of 
the vertical scale ts Tet essar y in order to make the relief Ayr raar- 
ent, bat the amount of this exaggoration ts often tneressed much 
beyond what is essential, The proportivn of scales must depend 
to a large extent on the character of the country represented, and 
on the purposes for which the model ia made, It has heen sug- 
gested by a writer, quoted by the Messra. Harden, that the 
following exaggération would afford o pleasing relief: “For a 
map, seale 6 inches to t-mile: if mountainous, 1:3; if only hilly, 
1:2; if geutly undulating, 2:3. For smaller scales, except for 
very rugged tracts, the exaggeration should be correspondingly 
increased, Fors tract consisting wholly of mountains no exag- 
geration is necessary,” I know of no country of such a charac. 
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ter that its relief, in all ite detail, cantiot be <hown upon a eeale 
of finches to | mile without any exag@eration at all, 

It seems to me that the absolute and not the relative amount 
of relief is the desiderutum, ond T have always used this as my 
guiding principle. For small scale models [ have found half an 
inch of relief ample. It may be worth while to state that ina 
model of the United States made for the Messrs. Butler, of Phil- 
adelphia, the horizontal scale was 77 miles to 1 neh, the vertical 
scale 40,000 feet to Linch, and the proportion of scales as 1 to 10, 
This proportion could have been brought down as low as 1:4 
with advantage, One-fortieth of an inch te a thousand feet 
seems a very small vertical scale, bot ft sufficed to show all the 
important features of the relief. Tt should he stated, moreover, 
that the model in question wae very hurriedly mado—in fact, was 
hardly more than a sketeh-model—and that more core and more 
minute work would have brought wut many detaiia that do not 
now appear. Thie amount of care wae not considered necessary 
In this inwianes, as the model was made to be photographed and 
published a9 a photeongraving, and waa to soffer an enormous 
reduction—coming down to five by seven nches,* 

Tt has heen frequently urged by the afvocates of large exag- 
feration that the detailé of a country cannot be shown unless the 
vertical stale j exaggerated ; that hilly 200, 300, or even, A00 
feet high—depending of course upon the teale—fatten ont or dis- 
appear entirely. This seems plausible, but the advantanges of 
preal ¢xagueration are more apparent thin real. Ita effect upon 
the model has already been mentioned ; it shonld be added that, 
with the proper amount of care in fintshing the model, exceed: 
ingly small relief can be eo brought cut .as to he readily seen, 
With ordinary care, one-fortieth of an inch can he easly shown, 
and with erent cure une skill certainly oneerrhteth aid probably 
one-hundredth of an inch, Another plausible argument that 
bas been advanced in favor of vertical exagveration a6 4 princi- 
ple, is well ututed by Mr. A. EL Lehman, ‘of the: Pe enney | yvania 
Geological Survey, ina paper on “ Topographical Models," read 
before the American Institute uf Mining Enuineere in 1885, “A 
perfectly natural expression 1m of course desired ; and to cause 
this the features of the topography should be distorted and @xmye- 
gerated in vertical scale just wnongh to produce the same effect 
on the beholder or student of the district of country exhibited 
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ae hisides of it would be tf he were on the real ground itself. 
Core should he taken, however, not to make the scules ao dispre- 
portionate as to do violence to mental inpressions, Often, in- 
deed, prominent or important features, when they will bear it, 
may be still more effectively aliown hy additional eMareration 
in the vertical seale.” “The ‘fallury of this argument i olividis, 
It desums that the object of a model ia to show the country as 
itappenr ta une parsing through it, and not os it really s—and 
there is often oa very wide differonce between ihe tae, The im- 
pression derived from passing through a vountry ia, if To may use 
the term, o very large-scale Gopression, ae any one who hus ‘tried 
it enn certify; it is certainly a mistake to attempt to reprodi)en 
this impression in asmall-seale model, with the help of wertieal 
exuggeration, Even if the principle were a good one, its applica- 
tion whould be very limited. Tt eould only by used in large-scale 
modele: to apply it to a medel of a large ares—the United 
States, for example—is vbvivuely absurd. 

The method refurred to as being now generally in uae may be 
brietiy described os follows: requimtes, a good contoured map ; 
a hachured map in addition, if posible ; u clear conception on 
the part of the modwler of the country to be represented ; and a 
fair amount of skill, Materials; a base-board of wood or other 
suitable material; card-beard or wood of the thickness required 
by the contour interval and the seale ; and modeling wax or olay. 
Procedure: reprmluce the contonra in the wood or other mate- 
rin) ; mount these upin the base-boand in their proper relation- 
ship ; then fill in the intervening spaces, and the space above the 
topmost eonteur, with the mieling material. 

In o series of models of the Grand Divisions of the earth, made 
about a Vear and a half ago, the contyuure Of card-board were 
made as follows: the map was photographed op to the required 
scale, andl ax many prints were made as there were contour inter- 
vale to be represented—in a model of the United States of 1,000 
feet contour interval there were fourteen prints. Thirteen of 
these were mounted upon card-board of the exact thickness re- 
quired by the vertical senle, and one upon the baseboard, ALI 
large paper companies use a micrometer cange, and ecard-board 
can easily be obtained of the exact thickness required—even to 
less than the thousandth part of an ineh. The lowest contour 
wos then sawed out upon s scroll saw, and placed upon the cor- 
reaponding line of the map mounted upon the base-board. This 
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process was repeated with each of the succeeding contours until 
all were placed and glued into thetr proper positions, At this 
stage the model presenta the relief in a series of steps, each atep 
representing a Tiee corresponding to the contour interval, The 
disadvantages of the method lie in the fact that unless the great- 
eat Core is exerci#ed in making the photographie prints there will 
be considerable distortion, owing to the stretching of the paper 
in different directions, and consequently much trouble in fitting 
the oontoura, Lf care be exercised in having the grain of the 
paper cun in the same direction in al] the prints, trouble in fitting 
the contours will be mach redoced, but the distortion In one 
direction will remain, In our experience this distortion amounts 
to about two per cent.; in other words, a model that should be 
fifty inches long will in reality be fifty-one inches; but, as this 
error ts distributed over the whole fifty inches, it i not too great 
for an ordinary model, Tf greater accuracy be required, it can 
be secured by transferring the contours to the card-board by 
means of tracing or-transfer paper. The great advantage of the 
photographic method ies in the fact that when the model haa 
been built up, with all the contours in position, it presents a copy 
of the map iteelf, with all the details, drainage, etc., in position, 
instead of blank intervals between the contours. Such details 
and drainage are a great help in the subsequent modeling. 

The next step in the process is to fill in with clay or wax the 
intervals between the contours, I have always found wax more 
convenient than clay for this purpose? as, unless the surface coat- 
ing i a thick one, the clay ia difficult to keep moist, To obviate 
thie difficulty, some modelors have used clay mixed with glycerine 
instead of water ; this, of course, does not become dry, but the 
materia! is, at ite best, unsatisfactory. The filling-in process is 
the most important one in relief thap making, forit is bere that 
the modeler must show his knowledge of, and feeling for, topo- 
graplic forms, Some models seem to have been constructed 
with the idea that when the contours have been aeourately placed 
the work of the modeller is practically done, This is a great 
mistake. The eard-board contours are only a means of control, 
oocnpVving somewhat the same relation to the relief map that a 
core. or bage of bricks, or a frame of wood, does to other oon- 
structions aL, for example, an architectural ornament ora buat. 
[tis sometimes necessary to cut away the contour card ; for, as 
has been already explained, a man is more or less generalined, and 

alt 
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a contour is frequently carried across a ravine, instead of follow- 
ing it op, af it wonld do if the map were on a larger wcale. Such 
generalizing is of course perfectly proper in a map, but, with the 
same scale, we expect more detail ina model. The modeler must 
have judgment enough and skill enongh to read between the 
lines, and to undo the generalizing of the topographer und 
draughtsman, thus supplying the material omitted from the map. 
This can be done without materially affecting the accuracy of 
the model, considered even as a copy of the contoured map, 

The contours of ecard board or other material are, let me 
repeat, only a means of control, The perfect modeler—a variety, 
by the way, yet to be evolved—wauld be able to make on acou- 
rate relief map without them, in the same way that other aubjecte 
aré made; as, for example, a flower panel, on architectural orna- 
ment, or any other subject in low relief, where the object sought 
is artistic effect and great accuracy is not » desideratum. It is 
the converse of this idea that has produced the numerous models 
that one sees; accurate enough, perhaps, but wholly expression- 
less and absolutely without feeling, This is the great fault of 
nearly all models made by building up the contours in wood and 
then carving down the shoulders. It is then necessary to sand- 
paper them, and what littl character they might otherwize have 
had is completely obliterated by the sind-paper, Such models 
almostinvaniably fook wooden. Let the modeler, then, have aclear 
conception of his subject and not depend wholly on the contours, 
and let him work out that conception in bis model, “sontrolled” 
and helped by the contours, but not bound by them; the result- 
ing motel will thas be far more antisfactory andl a far hetter rep- 
resentation of his subject, in other worda, it will be more life-like— 
mor! nearly troe to nmture. 

The model, provided tt be not of ciay, is sometimes used in the 
state in which it ie left when finished, It is much more common, 
however, to make a plaster mould, and from this a plaster cast, 
For this purpose a moulder t¢ usually called in ; but moulders os 
a rule are ignorant meu, accustomed to one line of work only, and 
the reault in not always satisfactory. It is much better for the 
modeler himself ty do this work, thongh to obtain good results 
from plaster it 1s necessary to know the material thoroughly, and 
this knowledge comes only from experience, The mould is gen- 
erally made quite heavy, in order to stand the subsequent hard 
treatment that it may recetve, and ¢hould by retouched and thor- 
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oughly dried before being prepared for the cast. The method 
used by some modelers of placing o frame about the model and 
pouring in the plaster, filling the frame to the top, is a crude and 
very wasteful one and not at all to be recommended. Tn a model 
of large sine—aay seven or eight feet square—it would require a 
derrick to move the mould. It is wholly unnecessary, as, with o 
amali amount of core, a good mouid can be made not more than 
an inch think, or, at most, an inch anda half. The drying of the 
mould before nse can eometimes be dispensed with, but is always 
desirable, 

Nearly all American moulders (as distinguished from French 
and Italian ones) varnish the mould, and thus lose some of the 
finest detail and sharpness, This is unnecessary, ‘The mould can 
be canly prepared with o solution of soap so as to leave nothing 
on the surface but a very thin coating of otl, which ia taken up 
and replaced by the plaster of the cast, Of course, if the model 
fot heen sand-papered, oo fine work in moulding of onsting is 
neccesary, a8 there is nothing to save, If the subject is a very 
intricate one, with “undercuts” (as they are called), It is custom- 
ary to make a waste mould ; as this is very seldom necessary in 
rchef map work, however, the process need not be described. 

To make the east it is only necessary to repeat the processes 
used in making the moald, With great care and some skill a 
cast can be produced but little inferior in point of sharpness ond 
detail to the original model. It is customary to make the cast 
very thick, and, consequently, very heavy; thie is unnecessary. 
In our work we seldom make o cast thicker than one inch, ond 
yet are never troubled with changes in the model after it is 
timiahed, Even in a very large cast (now in the National Mu- 
seum), weighing nearly 1,400 pounds and presenting a surface 
of over 160 square feet, the average thickness ia less than one 
inch, although it required over five barrels of plaster to make it. 
The cast, after being thoroughly dried, should be finished—all ita 
imperfections being carefully repaired, The surface, however, 
should be touched #4 littl a9 possible, as the alight roughness of 
surface that comes fiom the original model, through the mould, 
ia removed hy any tooling, This roughness adds much to the 
effect of the model; in fact, where the scale is large enourh, it ia 
sometimes desirable to emphasize it, 

The proper way to paint a model isa matter that most rest 

, ally pon the judgment of the modeler, depending to some 
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extent, aleo, on the use to which the model is to be put. The 
plain cast is sometimes used, drainage, lettering, ete., being pat 
directly upon it. This has the advantage of preserving all the 
detail that comes from the mould, but it has oleo the disadvan- 
tage of a surface easily soiled and impossible tu clean, Lf the 
model is to be photographed, the surface should be nesriy white— 
in our practice we ase a small amount of yellow with the white. 
This yellow is hardly appreciable by the eve, but ita effect upon 
the photewraphie negative ia quite marked. Yellow becomes 
grey ina photograph, and, in a photograph of a model colored na 
described, a grey tint is given to the whole surface, The high 
lights are not pure white, and there is no harsh contrast between 
light and shade. There is another point of great importance in 
photographing mofels: the surface should have a dead finish— 
that ix, should have no gloss, or, at most, should have only what 
is known among pointers as an ege-shell glosa It is almost 
impossible satiafactorily to photograph a model that has a shiny 
eurface. Any portion of a model that it is desired to separate 
from the rest should be painted a different color—the water, for 
example, should be painted a light blue; not a blue composed of 
indigo, however, or any of the grey blues, as these produce in 
the photograph a dead grey, and are not pleasant to the eye. 
The most satisfactory color that we have used is a mixture of 
eobalt—the purest of the blues—with Antwerp blue—which is 
quite green—and white. This gives a color that is pleasant to 
the eye, has the retreating quality to perfection, and photographs 
well. 

Models intended for exhibition ae such should be painted real- 
istieally. There is room here for an immense improvement in 
the usual practice, which is to paint the model either in seme 
conventional scheme of light and shade, or else to put a single Hat 
tint upon it, If the model is ta be colored conventionally it is, 
in.my opinion, much better to tse a flat tint, ight in tone, and 
with a dead surface. The use of a varicty of colors upon the 
face of a model interferes materially with the relief, expecially 
if the relief ia finely modeled. For thia reason models colored to 
indicate geologic formations should always acoompanied by 
duplicates representing topography only, colored realistically, if 
possible, und without lettermg, Well-iefined lines other than 
those pertaining to the model itself, such, for example, as those 
ured to define the boundaries of geologic formations, should not 
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be allowed upon a model when tt is desired to bring out all the 
relief. The lettering on such models should be kept down as 
emall as possible, or wholly dispensed with. The latter is mach 
the better method. 

The cheap reproduction of models is the moat important 
problem connected with the art, and the one that is attracting 
most attention among those engaged in it; aa, until models can 
be reproduced cheaply, they will never hive any wide distribu- 
tion and there will be far less incentive to the modeler, Various 
materials have been suggested and experimented on, but nine- 
tenths of the models that are made to-day are made of plaster of 
Paris, Although this material was the first to be osed for this 
purpose, it has not yet been superseded. A plaster cast is heavy, 
expensive and easily injured; but plaster gives an accurate copy 
of the original, retuins permanently the form given it, and is 
easily finished and repaired. The weight is an obstacle that can 
le easily overcome. By the incorporation in the plaster of fine 
tow, or of bagging or netting of various kinda, the cast can be 
mide very light and at the same time strong, but the expense is 
in¢reaaed rather than diminished by this method. Modele made 
in this way, however, have the advantage that when broken the 
pieces do not fall out, they are, however, fully as lable to surface 
injury as the other kind. The large cast in the National Museum, 
before referred to, was made in this way, It weighed nearly 
2,000 pounds when boxed—not an easy thing to handle—but it 
stood shipment to New Orleans and back without suffering any 
material injury. This would hardly haye been possible had the 
cast been made from plaster alone. 

Paper seenis, at first sight, to be the material best adapted for 
the reproduction of models; but no one has succeeded well 
enough with it to bring it into use, Like nearly all those who 
have given thid subject attention, I have experimented with 
paper, bot the only positive resnlt has been a lose of a large part 
of the confidence that I onee had in the suitability of the material, 
Paper hag been used extensively for large scale models of pueblos, 
rning, ete., but I have never obtained a satisfactory result with 
subjects in low relief and fine detail. A paper cast may look well 
when first made, but it abaorbe moisture from the atmoaphere, 
and contracts and expands with the weather. The contraction is 
apt to flatten ont the model and the expansion to make it buckle up, 

Casta of models have been made in iron; but this, while suitable 
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perhaps for models of mounds and subjects of like character, 
would hardly be applicable tosmall seale models with fine detail ; 
such oasts require too much surface finishing. The material 
known as Lincrusta:Walton aeema to me to be the jdeal material 
for this purpose. Itis tougher than rubber, will take the finest 
detail, and tte-surface can be treated in any way desired, Unfor- 
tunately the manufacture of models in this material would require 
expensive machinery, and is outside the scope of a modeling 
room, Should it ever become commerqially advantageous, how- 
ever, caste of a model of ordinary size, in every way equal to the 
original, can be turned out in this material ata very emall ust, 

It remains to speak of the reproduction of modela by provwss- 
engraving#—a method that will probably receive much more 
attention In the future than it has in the past. It is perhaps 
slong this line that the cheap reproduction of models will develop ; 
but the subject is too large a one to be adequately treated hore, 
and must be postponed until some future oocusion. 
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NATIONAL GEOGRAPHIC SOCTETY. 


ABSTRACT OF MINUTES. 


Octoher 3, 1868, Vintl Meeting, 
A paper was read entitled, “Topographic Models,” by Mr. 
Cosmos Mindelef. Published in the * National treag¢raphic Mag- 
azine,” Vol. L No, 3. 


Geteber 10, 1988, Trath Menting. 
The attendance being very small, no paper waa read. 


November a, 1s8e, Eleventh Meeting. 

The paper of the evening was entitled, “Surveys, their Kinda 
ond Purposes,” by Mr. Mareus: Baker. The paper was discussed 
by Messre, Ogden, Goodfellow, Gannett and Boker, Published 
in“ Science,” Vol. XII, No. 304, 


Noveniber 14, 1888, Pwelfth Meeting. 

A qaper was reid by Mr. Henry Gannett, giving certain 
“Physical Statistics Relating to Massachusetts,” derived from 
the map of that State recently prepared by the United States 
Geological Survey, A discussion followed which was. partici- 
pated in by Messrs, Haker, Kenaston, Fernow, Weed, and the 
author. A second paper entitled, “Something about Tornadoes,” 
was read by Lieut. J. P. Finley, U.S, Signal Corps. 


Novender 20, 1888, Dhirteenth Meeting. 


The annual reports of vice-Presidents Herbert G, Ogden and 
(ten, A.W. Greely were delivered, Published in the “ National 
Georrphic Magazine,” Vol. 1, No. & 


Deetmber 20, LSH8, Fowrteenth Meeting. 


Hild in the Law Lecture Room of the Columbian University. 
The President delivered his Annual Address, entitled “Africa.” 
Published in the “ National Geographic Magazine,” Vol. L, No. 2. 
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December 24, 1868, FifteentéA Meeting, 

The Society met in the Society Hall of the Cosmos Club, 
President Hubbard in the chair, Owing tu the absence from 
the city of the Secretanes, Mr, O. H. Tittmann waa requested to 
ack aa Secretary of the meeting, The minutes of the firat and 
fourteenth meetings were tead and approved. The report of the 
Seoretaries wae read, in their absence, by the temporary Secre- 
retary, and was approved. The Treasurer's report, showing a 
balanes on hand of $026,70, was read and approved, as was also 
that of the suditing committes. 

The President announced that vacancies caused by the resigna- 
tion of two of the managers, Messra, W. Dd, J ohnson and Henry 
Mitchell, had been filled by the Board on the 15th of November, 
by the eleotind of Masts. 0, EL. Tittmann and C, A. Kenaston ; 
John RE. Bartlett, had tena filled by the election of Lieut. Gactpe 
L.. Dyer, on November 0th, 

The Society then proceeded to the election of officers, with fol- 
lowing result : 


Previden!{—(yaAnnixen Gr. Heanarp, 

Pice-Presidents—HEnpent G. Oanen, [land]: Geonar L. Tren, |seaq}; 
A. W. Gaeeny, [sir]; C Hart Menge, [life]; A. BH, Thompson, [art]: 

Treaenrer—CHAHLES J, Bri 

Recording Secretary—HeEsay GasNeTT. 

Corresponding Seerclargy—Geonan KeYxan, 

Managera—CLEVELASD ANKE, Mancus Bakes, Rocrns Biaxin. Je., 
G. Browse Goope, W. ED. Powrin, J. C Wretuisa, C. A. Kictastos, 
O. H, Trrrmarn. 


fonuery Li, LH6D, Sisteenth Mevting, 
The paper af the evening was entitled, “The Great Plains of 
Canada.” aud was presented by Professor C. A. Kenaston, of 
Howard University. 


January 25, 1880, SecentenutA Meeting. 


The paper of the evening was entitled, “Irrigation in Cali- 
fornia,” by Mr. William Hammond Hall, State Engineer of 
Cahformm, To be published in the * National Geographic Mug- 
azine,” Vol. L Na, 4, 





TLE ah ha 


‘ 


Abatract of Minutes. 271 


February 8, 1880, EighteentA Meating. 


The following paopera were read by Prof. W. M. Davis, of 
Harvard Univeruty: “Topographio Models,” and “ Certain 
Peeulitarities of the Hivera of Pennsylvania.” Pablished in the 
* National Geographic Magazine,” Vol. I, No, 3, 


February 22, 1660, Nineteenth Meeting. 

The paper of the evening was entitled, “Round. about Ashe- 
ville, N.C." by Mr, Bailey Willis, The paper was illustrated 
by charcoal sketches and lantern slides, Discussion followed, 
which was participated in by Messrs, Baker, Merriam and MoGee. 
To be poblished in. the “ National Geographic Magazine,” Vol, I 
No, 4. 

March 8, 1880, Tioentierl Meeting, 
The following amendments to the By-Laws were adopted. 
[For Article VI substitute the following] : 





"Regular meetings of the Society ahall be beld on alternate Fridays, 
from November until May, and excepting the annual meeting, they 
shal!) be devoted ta comumtiniontiane, The Board of Managers shall, 
however, have power to postpone or omit meetings, when deemed 
desirable. Special meetings may be called by the President, 

“The annual meeting for the election of officers shall be the last reg- 
Webi merting in December. 

“The meeting preceding the onnmal meeting shall be devoted to the 
President's aomuil achitree, 

“The reporte af the retiring ViewPresidents shall be presented at the 
meetings in January. 

“A quorum for the transaction of business shall consist of twenty- 
tive active members.” 


In Article V, the following paragraph wae introduced immvdi- 
ately after the firet paragraph of the article : 


“The duce of manbers elected in Morember and December shall he 
credited to the succeeding year.” 


The following papers were then presented: “A Trip to Panama 
and Darien," by Mr. R, U7. Goode, and “Survey of Mason and 
Ihtxon’s Line,” by Mr, Mark B, Kerr. 

A Trip to Panama snd Daren, to be published im the “ Na- 
tional Geographic Magazine,” Vol, I, No. 4. 
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March 22, 1880, Tieeuty-firat Meeting. 


The paper of the evening was entitled, “ Recent Events in the 
U, 8, of Columbia,” by Mr, W. E, Cartis. The discussion which 
followed was participated in by Messrs, Baker, Gannett, and 
others. 

Aprils, 1689, Thenty-second Meeting. 

The paper of the evening was entitled, “ House Life in Mexico,” 

by Mr. A. B. Jolson, 


April 19, 1880, Twenty-third Meeting. 

This meeting Was devoted to papers upon the Samoan Islands. 
The following programme was presented ; 

“Samoa; the General Geography and Hydrography of the 
Idlands and Adjacent Seas," by Mr, Everett Hayden, 

*Olnnate,” by Prof, Cleveland Abbe. 

“Narrative of a Croise Among the Islands,” by Capt. R. W. 
Meade, UC. 5, N, 

“The Home Life of the Samoans and the Botany of the [ai- 
ands," by Mr, W. E. Safford, 'U, 8. ¥. 


May 3, 1889, Ticenty.fourtl Meeting. 


The paper of the evening wae entitled, “Across Nicaragua 
with Transit and Machéte," by Mr, R. E. Peary, 0. SN. To be 
published in the “ National Geographic Magazine,” Vol, 1 No, 4 


May 17, 1880, Tieentysifth Meeting. 


The paper of the evening was entitled, “The Krakatoa Erap- 
tion,” by Dr, A. Graham Bell. The paper was disvussed by 
Captain C, FE, Dutton. 


énternational Literary Covent. 378 


(Tronalated ty Mr. Ro L. Eevch.| 


INTERNATIONAL LITERARY CONTEST 
To be held at Madrid, Spain, under the aiepices of the Commission in 
Charge of the celebratiqon of the Fourth Uentennial Anniversary of 
the Discovery of America. 


ProcHam. 


The work for which o prize is offered is to be a prose exeay, 
true historic picture giving a just estimate of the grandéur of 
the occasion to be celabrated. 

So much has heen written on this subject since the opening of 
the AVIth century that it would seem difficult to say anything 
new and good, Perhaps the details, perhaps the circumstances 
in the life and acts. of Columbus ure worthy of no little research ; 
but already the Royal Academy of History is engaged in the 
erudite and diligent task of bringing together and publishing 
the un-edited or litth known papers hearing on this question, 

The book required by this contest must be of » different nature : 
it must he comprehensive and synoptic, and must be suaffictently 
concise Without being either obseure or dry. 

Although there is an abandance of histories of America, of 
voyages and discoveries, of geographic screnoce, and of the eatal- 
lutment of Europesns in remote regions of the earth, there is no 
book that sets forth as it can be done the combined eftorts of the 
nations of the Iberian peninsula, who, since the commencement 
of the Vth century, have, with « fixity of purpose and marvelous 
tenacity, in almost a ¢ingle century of silent efforts brought 
about the exploration of vast continents and ishinds, traversed 
seas never before cut by Christian prows, and in emulous strife 
obtained almost a complete knowlddge of the planet on which 
we live. 

There is a growing interest and mantfest unity in all those more 
Important events; not to mention the cireumstantial evidence 
borne by the charts of 1375 and the semi-fabulous voyages, auch 
as that of Doria y Vivaldi and others less apocryphal though 
iscluted and barren of resulta, like that of Ferrer, begun in 1434, 
when Gil Eannes doubled Cape Bojador, discovered Guinea, and 
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dispelled the terror inspired by the unknown ocean, and ended in 
1622 with Elesno's arrival st Sanlucur after ciremmnavigating the 
ulobe. 

In all this activicy very little occurs by chance: The pro- 
gressive geries of goographic discoveries, due to persistent pre- 
meditution and not to accident, was inaugurated at Sagres by 
the Infante D. Enrique and his illnstrious pilot Jaime de Mal- 
lorem, 

Well might Pedro Nuties exclaim that from that time forth 
until the form and size of the terragueous globe were thoroughly 
known, the most to be obtained would not be firmly established, 
“unless our mariners sailed away better instructed and provided 
with better iustraments snd rules of Astronomy anil Geography 
than the things with which coamographers anpplied them.” 

The culmination in the progress of that beautiful history falls 
on the 12th of October, 1402, when Columbus was the firet Euro- 
pean to set foot upon the intertropical shores of the New World. 
But this act, considered apart from its intrinsic value, as purely 
the individual inspiration of a mariner and the generous enthu- 
sinsm of a patron Queen, derives a higher value when regarded 
as part of a summation of efforts, 4 grand development of an 
idea, & purpose to explore and know the whole globe, to spread 
the name and the law of Christ together with the civilization of 
Europe, and to reap o harvest of gold, «pices, and all the riches 
of which costly samples and exaggerated reports were furnished 
by the traffic of the Venetians, Genoese and Cataloniana, who in 
turn got them from Mnoseulmans. 

Doubtless the moving exuse, whose gorgeous banner so many 
men of our peninsula followed, waa clothed in great sentiments, 
good or bad ; their hearte were filled with religious fervor, thirst 
for glory, ambition, Christian love, oupidity, curiosity, and yio- 
lent dissatisfaction (even during the Renaissance), to seek and 
nodergo real adventures that should surpass the vain, fruitless, 
and fanciful adventures of chivalry ; and to make voyages and 
conquests éclipsing those of the Greeks and Romans, many of 
which, recorded in classic histories and fables, were now dia 
interred by the learned. 

What must be deseribed is the complete picture in all ita 
sumptuousness ao that its magnificent messing may stand out 
distinetly, without which the conviction would be lacking that the 
studies, voyages, and happy audacity of Bartolomé Diaz, Gama, 
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Alburquerque, Cabral, Balbea, Magallanes, Cortes, Pizarro, Orel- 
lana, and a host of others, do not dim the glory of the hero whose 
eentennary ia to be celebrated, even though it heighten and add 
greater luster to the work of civilization begun by Portugal, . . . 

The binok here vaguely outlined tmomt alo contain a oompendi- 
ous introduction, notices of voyages, idess, and geographic 
progress up to the date of D, Enrique’s establishment at Sagres, 
and an epilogue or conelusion of greater extent, in which are 
examined and weighed the changes and progress that our sub- 
ject hae made, collectively, in the civilization of the world—in the 
commerce, economics and politica of the peoples, in regard te 
the broad field opened to the intelligent activity of Europe, over 
which it could spread and dominate; the abundance of data, 
sunken hopes, ond more secare basis lent to the studious and wise 
for the extension of our knowledge of Nature, the unraveling of 
her laws, and penetration of her mysteries, 

The vast, elevated argument of the book requires it be o 
finished work of art, not in fullness and richness of diction, but 
in plan and order, in sobriety and unity of style, whose nobility 
and beauty must lie in simplicity of phrase, correctness of judy- 
ment and richness of thought. 

There may enter into this contest any unpublished work written 
to this end in Spanish, Portuguese, English, German, French or 
Italian. 

The tribunal that is to award the prise will be composed of 
two members of the RK. Acad. of Histery, and one member fron 
each of the Spanish RK. Academies of Moral Sciences und Politics, 
and Exact and Natural Sciences—all to be chosen by the Acade- 
mies themselves. 

Furthermore, there will be included in the tribunal the diplo- 
matic representative of every power whose subject or subjects 
with to enter the contest, which is to be done through said repre- 
sentative or some person duly appointed to set in his place, 

The tribtinal will elect its presiding officer and will decide on 
the best works by an absolute majority of all the jurors who take 
part in the rote. 

Each work submitted in this contest must be neatly copied, in 
legible writing, on good paper, without the author’s name bat 
with a quotation to identify him afterwards, 

Bach author will inclose a separate folded sheet on whose 
exterior is written the quotation he has chosen and the opening 
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sentiniee OF bik work ; within, he will write his name and residence, 

The folded sheets corresponding to the works that did not get 
o prise will be burnt publicly without being opened. 

Though it is diffeultto set o limit os to size, the works should 
not have more reading matter thar is contained in two volumes 
of the shape and size of the complete works of Cervantes issxed 
by Rivadenoyra in 1863-4, 

Hf the plan or purpose of any of the works require: it, there 
may be added another volume of documenta, maps, or other 
Ulustrations, 

As it will take time to examine and judge the works, they 
should be sent te the Secretary of the BR. Acad. of Hist, prior to 
January 1, Lanz. 

There wall be first prize of 30,000 pesetas (05,700) and a second 
of 15,000 pesetas (62,695). 

Besides this, mach of the two suecessful authors will reewive 500 
copies of the prooted edition of his work. 

Jt rests with the Centennial Commission ta. determine the num- 
her of eopies in the edition of earh of the two prize works, and 
what disposition is to be made of the copies that are not given ta 
the wuthors. | 

These (the unthora) keep the right to re-print and to sell their 
works, and to translate them inte other tongues, 

The Commission, however, will have the right, if either or both 
prite works are ina foreign tongue, to have them translated and 
published in Castilian, 

The Jomonestion afi« their seal to the preceding directions for 
the information of the public and government of those persons 
Who desire to participate in the contest, 

Madrid, June 1, laa, 


The View President, Deke or Veracva, 
Seoreturies, can. Vauena, Joan F. BRiako. 
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